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Laboratory  studies  were  conducted  to  determine  food  preference  of 
Nezara  viridula  and  suitability  of  several  foods  for  growth,  development, 
and  reproduction  of  1^.  vi  ridula  and  Piezodorus  gui  Idini  i .  Soybean 
(Glycine  max)  pubescent  pods  were  the  plant  structure  most  preferred  by 
adult  N^.  viridula.    Nymphs  strongly  preferred  pubescent  pods  and  flowers, 
and  immature  seeds  were  preferred  to  mature  seeds.    Both  adults  and 
nymphs  preferred  soybean  pods  to  green  bean  pods,  and  peanuts  were  the 
least  preferred  food. 

Pods  of  hemp  sesbania  (Sesbania  emerus)  fed  N^.  viridula  nymphs 
allowed  highest  survival,  fastest  growth,  and  greatest  adult  body  weight. 
Raw  peanuts  (Arachis  hypogaea)  and  pods  of  lanceleaf  crotalaria 
(Crotalaria  lanceolata)  allowed  poor  growth,  low  survival,  and  decreased 
body  weight.    No  nymphs  survived  on  pods  of  silktree  mimosa  (Albizia 


juHbrissin),  partridge  pea  (Cassia  fasciculata) ,  hairy  indigo 
(Indigofera  hirsuta)  or  bagpod  sesbania  (Sesbania  vesicaria).    Removal  of 
pubescence  from  soybean  pods  and  exposing  seeds  of  bagpod  sesbania 
increased  nymphal  survival. 

Pods  of  hemp  sesbania  allowed  highest  reproductive  performance, 
survival,  and  body  weight  of  adult  N^.  vi ridula.    Poor  performance 
occurred  on  green  seeds  of  bagpod  sesbania,  mature  soybean  seeds,  and 
pods  of  lanceleaf  crotalaria.    In  general,  rearing  nymphs  on  green  bean 
pods  before  switching  to  the  different  adult  foods  lessened  the  negative 
effects  that  many  foods  had  on  adult  performance  when  they  were  fed  to 
nymphs  and  adults. 

The  greatest  number  of  female  P^.  guildinii  oviposited,  and  they  had 
the  earliest  first  oviposition  and  highest  fecundity,  when  fed  pods  of 
hairy  indigo  and  lanceleaf  crotalaria.    These  results,  coupled  with  field 
observations  of  host  plants,  suggest  that  these  two  plants  serve  as 
important  wild  hosts  in  the  seasonal  phenology  of  P^.  guildinii . 

Lipid  content  and  body  lipid  as  a  percentage  of  dry  body  weight 
peaked  at  day  16  for  N^.  vi  ridula,  whereas  for  P^.  guildini  i  it  peaked 
earlier  at  day  four.    In  general,  females  accumulated  more  lipid  than 
males.    Less  lipid  was  accumulated  by  adult  N^.  vi  ridula  fed  lanceleaf 
crotalaria  than  fed  bagpod  sesbania,  hairy  indigo  or  soybean  pods. 
Percentage  lipid  and  amount  of  lipid  of  N^.  vi  ridula  was  greater  when  fed 
soybean  (either  pods  or  immature  seeds)  than  when  fed  green  bean  pods. 
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CHAPTER  I 
INTRODUCTION 


Nezara  viridula  (L.)  and  Piezodorus  guildinii  (Westwood)  are 
phytophagous  pentatomids  (stink  bugs)  of  special  importance  among  the 
several  insect  pests  that  attack  soybean,  Glycine  max  (L.)  Merrill, 
because  they  feed  primarily  on  pods.    Such  feeding  results  in 
irreversible  injury  to  developing  seeds,  as  contrasted  with  defoliation 
by  1  epidopterous  larvae,  from  which  the  plant  may  recover  to  the  extent 
that  reduction  in  seed  yield  is  minimized  (Turnipseed  1972).    As  the 
area  planted  to  soybean  continues  to  increase  in  many  regions  of  the 
world,  it  is  expected  that  losses  of  soybean  production  caused  by  stink 
bugs,  as  well  as  by  other  pest  insects,  will  also  increase.  Therefore, 
methods  of  stink  bug  management  must  be  improved  to  become  more 
effective  and  efficient. 

Many  papers  published  during  the  1960's  and  1970's  have  dealt  with 
characterizing  the  impact  of  stink  bug  feeding  on  the  amount  and  quality 
of  soybean  yield  and  determining  economic  thresholds  (e.g.,  Daugherty  et 
al.  1964,  Miner  1966,  Duncan  and  Walker  1968,  Todd  and  Turnipseed  1974, 
Vicentini  and  Jimenez  2977,  Panizzi  et  al.   1979).    Such  data  form 
important  components  of  Integrated  Pest  Management  (IPM)  strategies,  but 
in  order  to  mre  fully  apply  IPM  strategies  to  the  stink  bug  pests  of 
soybean,  much  more  research  is  required.    For  example,  critical 
evaluation  of  the  degree  of  usage  by  J^.  vi  ridul  a  and  _P.  gui  Idini  i  of  the 
many  plants  listed  as  their  "host  plants"  is  necessary  to  determine 
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which  of  these  actually  serve  as  important  hosts.    Other  necessary 
research  inwlves  determining  the  impact  of  the  important  host  plants  on 
the  biology  of  nymphal  and  adult  stink  bugs. 

It  is  known  that  pentatomids  are  strongly  associated  with  fruiting 
plants.    In  the  case  of  soybeans,  many  fields  studies  have  demonstrated 
that  stink  bug  populations  peak  during  the  pod  filling  stage  (e.g.,  Todd 
and  Herzog  1980,  Panizzi  in  press),  but  little  is  known  about  the 
preference  for  and  use  of  other  soybean  plant  parts  such  as  stems, 
petioles,  leaves,  and  flowers. 

Therefore,  studies  were  conducted  to  determine  food  preference  of 
N^.  vi ridul a  nymphs  and  adults  for  the  different  parts  of  the  soybean 
plant  and  their  preference  for  soybean  pods  compared  to  green  bean  pods 
and  peanuts.    In  addition,  the  impact  of  food  on  nymphal  biology  of  N^. 
viridula  was  investigated.    The  effects  of  different  foods  on  adult 
performance  of  N^.  viridula  and  £.  gui Idi ni i  were  also  evaluated. 
Finally,  due  to  its  importance  as  a  source  of  metabolic  energy,  lipid 
content  of  N^.  vi  ridul  a  and  P_.  gui  Idi  ni  i ,  as  influenced  by  age,  sex,  and 
food,  was  determined. 


CHAPTER  II 

FOOD  PREFERENCE  OF  NEZARA  VIRIDULA  (HEMIPTERA:  PENTATOMIDAE) 

NYMPHS  AND  ADULTS 


Introduction 

Nezara  viridula  (L.)  is  an  extremely  polyphagous  phytophagous 
pentatomid  (Oho  and  Kiritani  1960).    Among  its  many  food  plants,  certain 
legumes  are  preferred,  including  soybean  [Glycine  max  (L.)  Merri 1 1 ](Todd 
and  Herzog  1980).    The  association  of  N^.  vi ridula    with  soybean  has  been 
studied  over  the  years,  particularly  during  the  1970's  (see  review  by 
Panizzi  and  Slansky  in  press  a),  and  its  preference  in  the  field  for 
fruiting  plants  is  well  known.    However,  little  information  exists  on 
preference  for  other  soybean  plant  parts  (i.e.,  leaves,  flowers, 
petioles,  stems,  and  mature  seeds)  in  the  absence  of  the  preferred  food 
(i.e.,  pods  with  developing  seeds).    Also,  the  extent  to  which  the 
preference  for  pods  varies  when  other  parts  of  the  soybean  plant  are 
available  has  been  poorly  studied.    In  addition,  N^.  vi  ridula  is 
routinely  reared  in  the  laboratory  on  green  bean  (Phaseolus  vulgaris  L.) 
pods  and  peanuts  (Arachis  hypogaea  L.)  (Harris  and  Todd  1981),  but  no 
data  exist  on  preference  for  these  foods  when  offered  simultaneously. 

Various  types  of  feeding  tests  have  been  used  to  determine  food 
preferences  of  insects  (Dethier  1941,  Thorsteinson  1953,  Oatman  1959, 
Soo  Hoo  and  Fraenkel   1966,  Jermy  et  al.  1968,  Kogan  and  Goeden  1970, 
Kogan  1972,  Greenblatt  et  al.   1978),  but  apparently  menters  of  Hemiptera 
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have  been  little  studied,  and  no  methodology  seems  to  be  reported  in  the 
literature  for  testing  food  preference  of  phytophagous  sucking  insects 
in  the  laboratory.    Therefore,  the  technique  used  by  Kogan  (1972)  to 
test  food  preference  of  the  chewing  cocci nell id  Epilachna  varivestis 
Mulsant  was  slightly  modified  and  adapted  to  the  present  study.  N^. 
vi ridul a  nymph  and  adult  food  preferences  were  compared  using  soybean 
structures,  green  bean  pods  and  peanuts. 

Materials  and  Methods 

Laboratory  studies  to  determine  food  preference  of  N^.  vi  ridul  a 
nymphs  and  adults  were  carried  out  during  July-September  1983.    A  colony 
of  JN.  vi ridul a  nymphs  was  established  in  the  laboratory  on  green  bean 
pods  of  unknown  variety  from  adults  collected  on  wild  hosts  in  the 
Gainesville  area  (Alachua  Co.,  north-central  Florida).    From  April  29  to 
August  2,  1983,  soybean  (var.  'Bedford')  was  planted  weekly  in  the 
greenhouse  (10  pots/week)  and  in  the  field  (two  rows  5  m  long/week  at 
the  Agronomy  Farm  and  at  the  Archer  Road  Laboratory,  respectively). 
These  weekly  plantings  provided  soybean  plant  parts  in  abundance  as 
needed  for  the  food  preference  tests. 

Experiment  1.    In  the  first  experiment,  adult       vi  ridul  a  of  both 
sexes  (4-10  days  old)  fed  green  bean  pods  were  used.    Comparison  tests 
using  two,  three  or  four  food  choices  were  conducted  in  a  145  x  25  mm 
petri  dish  arena,  the  bottom  of  which  was  covered  with  a  disc  of 
moistened  filter  paper.    Foods  were  placed  on  the  top  of  cardboard  discs 
(40  mm  diameter)  and  positioned  alternately  near  the  perimeter  of  the 
arena  (Fig.  2.1).    Either  four  or  six  discs  were  used  in  each  arena, 
depending  on  the  number  of  foods  tested.    One  adult  N^.  vi  ridul  a,  starved 
24  hours  in  a  petri  dish  with  moistened  filter  paper,  was  released  in 
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Fig.  2-1.    Food  choice  preference  tests.    A  =  two  choices  (pubescent 

soybean  pods  vs.  immature  seeds);  B  =  two  choices  (immature 
vs.  mature  seeds);  C  =  three  choices  (leaves  vs.  pubescent 
pods  vs.  petioles  +  stems);  and  D  =  four  choices  (pubescent 
pods  vs.  leaves  vs.  flowers  vs.  petioles  +  stems). 
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the  center  of  the  arena.    Food  preference  (i.e.,  presence  of  the  insect 
on  the  food  and  whether  feeding  or  not)  was  recorded  through  six 
observations,  at  5,  10,  20,  40,  80  and  160  minutes  after  the  insects 
were  released.    For  each  test,  six  arenas  were  used;  each  test  was 
repeated  five  times,  for  a  total  of  180  observations.  Soybean 
structures  used  were  leaves,  petioles  plus  stems,  flowers,  pods  in  R6 
(full  green  bean  stage,  Fehr  et  al .  1971),  "glabrous"  pods  (i.e., 
pubescence  artificially  removed  with  a  razor),  immature  seeds  (R6),  and 
mature  (dry)  seeds.    In  another  series  of  tests  soybean  pods,  green  bean 
pods  and  peanuts  were  compared  in  a  total  of  36  observations  (six  arenas 
X  six  observations  through  time  as  above). 

Experiment  2.    In  a  second  experiment,  choice  tests  with  N^. 
viridula  nymphs  (early  3rd  instar)  were  conducted  similarly  to  the  ones 
described  for  adults,  except  that  nymphs  (four/arena)  were  starved  for 
12  hours  prior  to  the  tests. 

Both  studies  were  conducted  at  a  temperature  of  26  ±  2°C  in  natural 
light  supplemented  with  fluorescent  light,  and  relative  humidity  inside 
the  arenas  was  near  saturation.    Adults  and  nymphs  were  starved  prior  to 
testing  because  satiated  insects  frequently  remained  immobile  for  long 
periods  without  feeding.    Data  on  frequency  of  insects  observed  feeding 
or  on  each  food  were  analyzed  by  means  of  a  Chi -square  test.    The  null 
hypothesis  of  non-preference  was  tested  against  the  alternative 
hypothesis  of  foods  being  unequally  preferred. 

Results 

Feeding  Preference  of  Adults 

In  the  nine  preference  tests  with  two  food  choices  using  soybean 
structures,  adult  N_.  viridula  showed  highly  significant  (P  =  0.01) 
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preference  for  one  of  the  foods  in  four  cases,  and  a  significant  (P  = 
0.05)  preference  in  one  case  (Table  2-1).    No  significant  differences 
were  observed  for  the  petiole  plus  stems/leaves,  flowers/leaves,  pods/ 
petioles  plus  stems  and  soybean  seeds  immature/mature  comparisons. 
However,  in  these  last  two  cases,  a  tendency  for  preference  for  pods  and 
immature  seeds  was  noted,  and  1^.  viridula  was  observed  feeding  a 
significantly  greater  number  of  times  on  pods  compared  to  petioles  plus 
stems  (Table  2-1).    H.  viridula  adults  also  preferred  to  feed  on 
pubescent  soybean  pods  (frequency  ca.  3X  greater)  compared  with  pods 
with  pubescence  artificially  removed  ("glabrous"). 

When  three  or  four  choices  were  offered  simultaneously,  adult  N. 
viridula  showed  highly  significant  differences,  with  a  decreasing  order 
of  preference  to  remain  on  the  food  as  follows:  pods>flowers>petioles 
plus  stems>  leaves  (Table  2-2),    When  considering  feeding  preference  the 
order  was  pods>petioles  plus  stems>flowers>leaves.    When  the  most 
preferred  food  (pubescent  pods)  was  not  included  the  order  of  preference 
was  petioles  plus  stems>flowers>leaves.    However,  flowers  and  leaves 
were  equally  preferred  for  feeding.    No  significant  differences  in 
preference  were  observed  when  pubescent  and  "glabrous"  soybean  pods  and 
immature  and  mature  soybean  seeds  were  offered  at  the  same  time  (Table 
2-2).    In  general,  low  percentages  of  the  adults  on  flowers  were 
observed  feeding. 

Comparisons  among  soybean  pods,  green  bean  pods  and  peanuts 
indicated  a  highly  significant  preference  of  adult  N.  viridula  either  to 
feed  or  to  remain  on  soybean  pods  compared  with  green  bean  pods,  and  for 
green  bean  pods  compared  with  peanuts  (Table  2-3).    When  all  three  foods 
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Table  2-1.    Food  preference  of  Nezara  virldula  adults  in  the 
laboratory  with  two  food  choices,  using  soybean 
structures . 


Frequency^ 

Significance'^ 

Food  Choice 

A 

B 

A  B 

Soybean 

petioles  +  stems 

39 

28 

ns  ns 

leaves 

38 

32 

Soybean 

petioles  +  stems 

74 

54 

***  *** 

fl owers 

26 

11 

Soybean 

f 1 owers 

31 

14 

ns  ns 

leaves 

27 

13 

Soybean 

pods 

54 

44 

***  *** 

leaves 

19 

14 

Soybean 

pods 

45 

40 

ns  ** 

petioles  +  stems 

33 

24 

Soybean 

pods 

45 

37 

***  *** 

flowers 

22 

10 

Soybean 

pods  (pubescent) 

75 

65 

***  *** 

(gl abrous ) 

23 

19 

Soybean 

pods 

64 

53 

**  ** 

seeds  (immature) 

39 

31 

Soybean 

seeds  (immature) 

50 

37 

ns  ns 

(mature) 

38 

30 

A  =  total  number  of  times  feeding  or  on  the  food;  B  =  total 
number  of  times  feeding;  180  observations. 

Significant  at  P  =  0.05  (**)  and  P  =  0.01  (***)  using  Chi- 
square. 
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Table  2-2.    Food  preference  of  Nezara  viridula  adults  in  the 
laboratory  with  three  or  four  choices,  using 
soybean  structures. 


Food  Choice 

Frequency^ 
A  8 

Si  gni  ficance*^ 

Soybean  petioles  +  stems 

41 

32 

*** 

flowers 

27 

9 

leaves 

15 

8 

Soybean  pods 

61 

52 

*** 

flowers 

38 

Ifi 

petioles  +  steins 

2 

1 

Soybean  pods 

48 

38 

*** 

petioles  +  stems 

15 

10 

leaves 

12 

4 

Soybean  pods 

18 

13 

*** 

flowers 

12 

3 

petioles  +  stems 

7 

7 

leaves 

2 

0 

Soybean  pods  (pubescent) 

27 

24 

ns 

(glabrous) 

23 

20 

seeds  (mature) 

19 

15 

(immature) 

12 

10 

=  total  number  of  times  feeding  or  on  the  food;  B  =  total 
number  of  times  feeding;  180  observations. 

'^Significant  at  P  =  0.01  (***)  using  Chi-square,  for  A  and  B. 
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Table  2-3.    Food  preference  of  Nezara  vi  ridula  adults  in 
the  laboratory  with  two  or  three  food  choices. 


Frequency^ 

Significance'^ 

rooQ  Lnoi ce 

ft 

n 

A  B 

Soybean  pods 

19 

15 

***  ** 

Green  bean  pods 

6 

6 

Green  bean  pods 

28 

25 

***  ★** 

Peanuts 

5 

5 

Soybean  pods 

10 

9 

*  ns 

Green  bean  pods 

11 

10 

Peanuts 

3 

3 

=  total  number 
total  number  of 

of  times  feeding  or  on  the  food;  B  = 
times  feeding;  36  observations. 

^Significant  at  P 
(***)  using  Chi- 

=  0.10  (*).  P 
square. 

=  0.05  ( 

**),  and  P  =  0.01 

were  offered  together,  soybean  and  green  bean  pods  were  equally 
preferred,  and  peanuts  were  less  preferred. 
Feeding  Preference  of  Nymphs 

Results  of  the  feeding  preference  tests  of  H,  vi ridula  3rd  instar 
nymphs  showed  highly  significant  differences  for  most  of  the  comparisons 
using  two  food  choices  (Table  2-4).    Soybean  petioles  plus  stems  were 
highly  preferred  compared  with  leaves,  while  flowers  were  the  most 
preferred  of  the  three  plant  parts.    Soybean  pods  were  highly  preferred 
compared  with  leaves  and  petioles  plus  stems,  but  flowers  were  preferred 
to  pods,  whether  or  not  the  nymphs  were  feeding.    Consistent  with  the 


Table  2-4.    Food  preference  of  Nezara  virldula  nymphs  in  the 
laboratory  with  two  food  choices,  using  soybean 
structures . 


Food  Choice 

Frequency^ 
A  B 

Significance'^ 
A  B 

Soybean  petioles  +  stems 

371 

194 

*** 

*** 

1  p;^  UPC 

1  CQ  V  CO 

59 

15 

Soybean  petioles  +  stems 

235 

143 

★** 

*** 

■f  1  nworc 

o  r\  o 

303 

194 

Soybean  flowers 

364 

221 

*★* 

*★* 

1  P3  UPC 

1 ca  V  Co 

67 

18 

Soybean  pods 

346 

208 

*** 

*** 

1  pa  \jac 
\  Cu  V  CO 

76 

17 

Soybean  pods 

288 

181 

*** 

*** 

petioles  +  stems 

154 

105 

Soybean  pods 

231 

146 

* 

* 

f 1 owers 

273 

181 

Soybean  pods  (pubescent) 

310 

261 

*★* 

*** 

V  y 1 aUl UUb  j 

175 

153 

Soybean  pods 

227 

182 

** 

ns 

seeds  (immature) 

185 

162 

Soybean  seeds  (immature) 

327 

278 

*★* 

*** 

(mature) 

55 

45 

=  total  number  of  times 
number  of  times  feeding; 

feeding  or  on  the  food;  B  = 
180  observations. 

total 

"^Significant  at  P  =  0.10  ( 
using  Chi -square. 

*),  P  = 

0.05  ( 

**),  and 

P  =  0. 

01  (***) 
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results  observed  for  adults,  soybean  pods  with  pubescence  were  preferred 
to  "glabrous"  pods.    Immature  soybean  seeds  were  much  more  preferred 
(frequency  ca.  5X  greater)  than  mature  seeds,  but  less  preferred 
than  pods  (Table  2-4).    However,  no  significant  difference  in  feeding 
preference  by  nymphs  was  observed  between  pubescent  soybean  pods  and 
immature  seeds. 

When  three  of  four  food  choices  were  offered  at  the  same  time, 
highly  significant  differences  were  observed.    With  three  food  choices, 
nymphs  were  observed  a  greater  number  of  times,  whether  feeding  or  not, 
on  flowers  than  on  petioles  plus  stems  or  leaves;  compared  to  pods  or 
petiole  plus  stems,  flowers  were  also  the  most  attractive  structure  to 
nymphs,  but  for  feeding,  pods  were  equally  preferred  (Table  2-5).  With 
four  food  choices,  flowers  were  again  the  most  attractive  part  of  the 
soybean  plant  to  nymphs,  whether  feeding  or  not.    Finally,  when  pods 
(pubescent  and  "glabrous")  and  seeds  (immature  and  mature)  were  offered 
in  a  four  choice  test,  nymphs  were  observed  in  higher  numbers,  whether 
feeding  or  not,  on  pubescent  pods. 

When  soybean  pods,  green  bean  pods,  and  peanuts  were  compared,  N^. 
viridula  nymphs  showed  a  highly  significant  preference,  whether  feeding 
or  not,  decreasing  as  follows:    soybean  pods>green  bean  pods>peanuts 
both  in  the  two-  and  the  three-choice  tests  (Table  2-6). 

Discussion 

Results  of  the  choice  tests  demonstrated  that  although  polyphagous, 
N^.  viridula  exhibits  food  preferences,  either  when  exposed  to  structures 
of  the  same  plant  or  when  offered  food  from  different  plants,  and  that 
this  preference  varies  from  nymph  to  adult.    The  preference  for  soybean 
pods  is  evidence  that  the  required  nutrients  are  present  in  the  seeds 
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Table  2-5.    Food  preference  of  Nezara  viridula  nymphs  in  the 
laboratory  with  three  or  four  food  choices,  using 
soybean  structures. 


Frequency 

1^ 

Si  gni  ficance 

Food  Choice 

A 

B 

A  B 

Soybean  petioles  +  stems 

116 

***  *** 

flowers 

180 

leaves 

19 

4 

Soybean  pods 

182 

82 

***  * 

flowers 

78 

petioles  +  stems 

Soybean  pods 

245 

149 

★**  *** 

petioles  +  stems 

171 

82 

leaves 

69 

21 

118 

62 

***  *** 

1   1  UWtZ  1  3 

131 

70 

petioles  +  stems 

89 

47 

leaves 

32 

14 

Soybean  pods  (pubescent) 

107 

94 

***  *** 

(glabrous) 

86 

72 

seeds  (mature) 

32 

27 

(immature) 

87 

78 

=  total  number  of  times 

feeding  or 

on  the 

food ;  B  =  total 

number  of  times  feeding; 

180  observations. 

'^Significant  at  P  =  0.10  ( 

*)  and  P  = 

D.Ol  (***)  using  Chi- 

square. 
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Table  2-6.    Food  preference  of  Nezara  viridula  nymphs  in 
the  laboratory  with  two  or  three  food  choices. 


Frequency^ 

Significance'^ 

Food  Choice 

A 

B 

Soybean  pods 

293 

248 

*** 

Green  bean  pods 

185 

147 

Green  bean  pods 

284 

233 

*** 

Peanuts 

62 

55 

Soybean  pods 

277 

244 

*** 

Green  bean  pods 

134 

124 

Peanuts 

42 

38 

A  =  total  number  of  times  feeding  or  on  the  food;  B  = 
total  number  of  times  feeding;  180  observations. 

Significant  at  P  =  0.01  (***)  using  Chi -square,  for  A  and 
B. 


rather  than  in  the  leaves,  petioles  plus  stems  or  flowers.    This  is 
consistent  with  field  studies  that  indicate  that  N^.  viridula  populations 
peak  during  the  pod-filling  stage  of  soybeans  (e.g.,  Todd  and  Herzog 
1980,  Panizzi  and  Slansky  in  press  a),  and  that  fruiting  plants  may 
serve  as  "trap  plants"  (Newsom  and  Herzog  1977,  Panizzi  1980,  McPherson 
and  Newsom  1984).    The  fact  that  both  nymphs  and  adults  preferred 
pubescent  to  "glabrous"  pods  indicates  that  the  presence  of  hairs  may 
help  the  insects  to  adhere  to  the  pod  during  the  feeding  process.  This 
is  consistent  with  their  preference  for  pubescent  pods  vs.  exposed 
seeds.    Preference  for  immature  vs.  mature  seeds,  particularly  by 
nymphs,  is  typical  among  Pentatomidae  (Janzen  1978).    However,  this 
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preference  was  not  clearly  demonstrated  for  adults,  probably  because 
they  have  greater  ability  to  feed  on  mature  seeds  than  do  nymphs. 
Adults  were  commonly  found  among  flowers  although  not  feeding, 
suggesting  a  behavioral  preference  for  flowers  for  protection. 

The  fact  that  flowers  were  strongly  preferred  by  nymphs  compared 
with  the  other  plant  structures,  including  in  some  cases  pods,  may  be 
because  they  possess  the  nutrients  necessary  to  allow  nymphal 
development.    In  addition,  because  of  the  nymphs'  small  size,  flowers 
may  have  served  as  shelters.    Nymphs  were  frequently  found  in  between 
flowers  whether  feeding  or  not.    Studies  with  other  species  of 
pentatomids  (Piezodorus  spp.)  reveal  their  presence  in  soybean  fields  by 
the  time  plants  are  blooming  (Ezueh  and  Dina  1980,  Panizzi  in  press), 
and  sometimes  N^.  viridula  colonizes  soybean  fields  during  this  period 
(A.  R.  Panizzi,  unpublished). 

The  preference  of  N^.  vi ridula  nymphs  and  adults  for  soybean  pods 
instead  of  green  bean  pods  indicate  that  the  former  is  a  more  suitable 
food,  as  has  been  demonstrated  by  Panizzi  and  Slansky  (in  press  b, 
1985a).    Peanuts  which  were  less  preferred  than  soybean  and  green  bean 
pods,  although  widely  used  as  a  diet  in  conjunction  with  green  bean 
pods,  are  not  a  suitable  food  either  for  nymph  or  adult  rearing  when 
used  alone  (Panizzi  and  Slansky  in  press  b,  1985a). 

In  view  of  the  results  obtained,  the  choice  test  method  as  used 
here  proved  to  be  a  useful  methodology  as  a  first  approach  to 
determining  food  preference  of  phytophagous  pentatomids.  Clearly, 
results  obtained  with  this  methodology  must  be  complemented  with  field 
trials  to  determine  if  the  preferences  detected  in  the  laboratory  also 
occur  in  the  field.    Finally,  this  method  may  be  useful  for  testing 
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antixenosis  (non-preference)  type  of  resistance  of  soybean  genotypes 
against  stink  bugs,  by  measuring  their  preference  for  pods,  as  has  been 
done  in  screening  for  soybean  cultivars  resistant  to  the  chewing  beetle 
E_.  vari vestis  (Kogan  1972). 

Summary 

Laboratory  studies  with  adults  and  nymphs  of  the  polyphagous 
southern  green  stink  bug,  Nezara  viridula,  demonstrated  that  they  show 
food  preferences,  both  among  different  structures  of  the  same  plant  and 
when  exposed  to  pods/seeds  of  different  species,  and  that  this 
preference  varies  from  nymph  to  adult.    In  general,  pubescent  soybean 
pods  were  the  structures  most  preferred  by  adults,  followed  by  flowers, 
petioles  plus  stems,  and  leaves.    When  counting  feeding  insects,  the 
order  of  preference  was  pod>petioles  plus  stems>flowers>l eaves.  Nymphs 
showed  strong  preference  for  pubescent  soybean  pods  as  well  as  for 
flowers,  when  compared  with  petioles  plus  stems  and  leaves.  Immature 
seeds  were  preferred  to  mature  seeds,  this  being  more  pronounced  for 
nymphs  than  for  adults.    Both  adults  and  nymphs  preferred  pubescent 
soybean  pods  to  green  bean  pods  or  peanuts,  with  the  latter  being  the 
least  preferred.    The  food  preference  test  used  is  suggested  as  a 
methodology  to  determine  feeding  preference  of  phytophagous  pentatomids. 


CHAPTER  III 

IMPACT  OF  VARIOUS  LEGUMES  ON  PERFORMANCE  OF  NEZARA  VIRIDULA 
NYMPHS  (HEMIPTERA:  PENTATOMIDAEl 


Introduction 

The  southern  green  stink  bug,  Nezara  viridula  (L.),  feeds  on  over 
140  species  of  plants,  but  with  preference  shown  for  certain  legume 
species  (DeWitt  and  Godfrey  1972,  Todd  and  Herzog  1980).    Among  legumes, 
differences  in  physical  features  (e.g.,  pod  pubescence,  and  hardness  and 
thickness  of  the  pod  wall  and  seed  coat),  nutrients  (e.g.,  level  of 
proteins  and  lipids),  and  allelochemicals  (e.g.,  presence  of  various 
attractants,  repellents  and  toxins),  undoubtedly  influence  host  plant 
preference  of  N^.  viridula  (and  other  stink  bugs)  and  subsequent 
suitability  for  growth,  reproduction  and  survival.    Such  effects  have 
been  documented  for  bruchid  beetles  feeding  on  legume  seeds  (Janzen 
1981,  Johnson  1981),  but  in  spite  of  over  600  published  reports  on  N. 
y'l^idula,  relatively  little  information  is  available  on  the  impact  of 
various  foods  on  nymphal  and  adult  performance  (DeWitt  and  Godfrey  1972, 
Singh  1972,  Velez  1974,  Jones  and  Sullivan  1979,  Harris  and  Todd  1980a, 
Kester  and  Smith  1984).    This  study  was  conducted  to  evaluate  the  impact 
of  10  species  of  legumes  on  the  performance  of  N^.  viridula  nymphs, 
including  developmental  rate,  survivorship  and  adult  body  weight. 

Materials  and  Methods 
A  laboratory  culture  of  H.  viridula  was  established  on  green  beans, 
Phaseolus  vulgaris  L.,  from  adults  collected  on  wild  hosts  in  the 


-  17  - 


-  18  - 


Gainesville  area  in  Alachua  County,  Florida.    Egg  masses  were  collected 
on  the  day  of  oviposition  and  placed  in  petri  dishes  (9.0  x  1.5  cm)  with 
moistened  filter  paper.    On  the  first  day  of  the  second  stage  (first 
stage  nymphs  do  not  feed),  individual  nymphs  were  placed  in  petri  dishes 
and  provided  with  one  of  the  following  legumes  (number  of  nymphs  in 
parentheses):    hemp  sesbania  [Sesbania  emerus  (Aubl.)  Urban][=S^. 
exaltata  (Raf.)  Rydb.]  pods  (40);  bagpod  sesbania  [S.  vesicaria  (Jacq.) 
El  1 .][=Glottidium  vesicarium  (Jacq.)  Harper]  green  seeds  (40);  S. 
vesicaria  pods  (30);  commercially-available  green  bean  pods  of  unknown 
variety  (40);  commercially-available  raw,  shelled  peanuts  (Arachis 
hypogaea  L.)(40);  soybean  pods  [Glycine  max  (L.)  Merrill,  var. 
'Bedford']  in  R6  development  (full  green  bean  stage,  Fehr  et  al. 
1971)(40);  Bedford  soybean  pods  in  R6  with  pubescence  artificially 
removed  by  scraping  with  a  razor  (20);  soybean  stems  (20);  soybean 
leaves  (20);  soybean  seeds  in  R6  (40);  air-dried  soybean  seeds  in  R8 
(harvest  maturity ) (40) ;  lanceleaf  crotalaria  (Crotalaria  lanceolata  E. 
Mey.)  pods  (40);  Florida  beggarweed  [Desmodium  tortuosum  (Sw.)  DC]  pods 
(40);  hairy  indigo  (Indigofera  hirsuta  L.)  pods  (40);  silktree  mimosa 
(Albizia  julibrissin  Durazz.)  pods  (40);  and  partridge  pea  (Cassia 
fasciculata  Michx.)  pods  (20). 

Food  was  replaced  every  two  days  and  water  (moistened  cotton  balls) 
was  provided  for  nymphs  feeding  on  mature  soybean  seeds  and  peanuts. 
Petioles  of  the  soybean  leaves  were  wrapped  with  moistened  cotton  to 
maintain  leaf  freshness.    Petri  dishes  were  randomly  placed  in  an 
environmental  chamber  maintained  at  25  ±  2°C  and  70  ±  10%  RH  under  a  14h 
L:10h  D  photoperiod.    The  experiment  was  conducted  from  August  to 
November,  1983.    Daily  records  were  made  of  molting  and  mortality.  Mean 
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duration  (days)  and  percent  mortality  during  each  stage,  total  percent 
mortality,  and  mean  developmental  time  from  second  stage  nymphs  to 
adults  were  calculated.    Fresh  body  weight  (mg)  was  measured  on  day  one 
of  adult  life,  using  a  Mettler  AC-lOO  electronic  balance.    Data  were 
analyzed  by  means  of  ANOVA  and  Duncan's  multiple  range  test  using  the 
Statistical  Analysis  System  (version  1982.4). 

Results 

Survi  vorship 

Nymphal  mortality  was  100%  on  six  of  the  16  food  sources  (Table  3- 
1).    Nymphs  fed  soybean  leaves,  S^.  vesicaria  pods,  and  C_.  fasciculata 
pods  all  died  during  the  second  stage.    Some  nymphs  survived  to  the 
third  stage  on  soybean  stems  and  on  A.  julibrissin  pods,  and  a  few 
reached  the  fourth  stage  on  j_.  hi rsuta  pods  before  dying.    For  nymphs 
that  became  adults,  total  mortality  ranged  from  10%  on  S^.  emerus  pods 
with  no  pubescence  (glabrous)  to  90%  on  C.  lanceolata  pods  (Table  3-1). 
On  the  other  foods,  total  nymphal  mortality  ranged  from  ca.  20-65%, 
except  on  peanuts  (85%).    In  general,  high  mortality  occurred  either 
during  the  second  stage  (for  nymphs  on  soybean  pods,  mature  soybean 
seeds,  green  beans  and  D^.  tortuosum  pods)  or  the  fifth  stage  (nymphs  on 
S^.  emerus,  S^.  vesicaria  green  seeds,  immature  soybean  seeds,  peanuts  and 
C_.  lanceolata) .    When  the  pods  of  S^.  vesicaria  were  removed,  allowing 
nymphs  to  feed  directly  on  the  green  seeds,  total  mortality  decreased 
from  100%  to  35%. 
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Developmental  Time 

Mean  duration  of  the  second  stage  differed  significantly  among  food 
sources,  ranging  from  ca.  four  days  for  nymphs  on  S^.  emerus  pods  to  ca. 
eight  days  on  A.  julibrissin  pods  (Table  3-1).    Nymphs  on  soybean  stems 
and  C_.  lanceolata  pods  also  required  significantly  more  time  to  complete 
the  second  stage  than  nymphs  on  S^.  emerus.    During  the  third  stage, 
nymphs  on  S.  emerus  developed  significantly  faster  (3.4  days)  than 
nymphs  on  the  remaining  foods;  the  longest  time  (6.9  days)  was  for 
nymphs  on  A.  julibrissin  pods.    During  the  fourth  stage,  nymphs 
developed  significantly  slower  on  mature  soybean  seeds,  peanuts  and  A. 
julibrissin  than  on  the  other  foods;  this  pattern  was  continued  in  the 
fifth  stage,  with  nymphs  on  mature  soybean  seeds  and  peanuts  requiring 
ca.  2X  longer  than  nymphs  on  the  other  foods.    No  nymphs  reached  the 
fifth  stage  on  A.  julibrissin  (Table  3-1).    On  each  food,  there  were 
significant  differences  in  duration  of  the  nymphal  stages.    On  all 
foods,  the  fifth  stage  was  significantly  longer  than  the  others,  and  the 
third  stage  tended  to  be  the  shortest,  although  this  difference  was  not 
always  significant  (Table  3-1). 

Mean  developmental  time  from  second  stage  to  adult  was 
significantly  different  among  nymphs  on  the  ten  foods  permitting 
survival  to  the  adult  (Table  3-1).    For  males,  this  period  ranged  from 
ca.  20  days  on  S_.  emerus  pods  to  46  days  on  peanuts.    For  females,  it 
ranged  from  ca.  21  days  on  S.  emerus  to  ca.  35  days  on  mature  soybean 
seeds.    Significant  delay  in  mean  total  developmental  time  for  males  was 
also  observed  on  C.  lanceolata  pods  and  mature  soybean  seeds,  and  for 
females  on  C.  lanceolata  or  peanuts,  compared  to  nymphs  on  S.  emerus. 
Smaller  delays  were  observed  for  both  sexes  when  fed  green  beans  or 
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immature  soybean  seeds.    There  were  no  significant  differences  in  mean 
total  developmental  time  between  sexes  except  for  nymphs  fed  C_. 
lanceolata  or  peanuts  (Table  3-1). 
Body  Weight 

Fresh  body  weight  of  females  on  day  one  of  adult  life  was 
significantly  different  among  food  sources,  ranging  from  ca.  Ill  mg  when 
nymphs  were  reared  on  C^.  lanceolata  pods  to  ca.  175  mg  on  S^.  emerus  pods 
(Table  3-2).    Female  body  weight  was  significantly  higher  on  S^.  emerus 
than  on  the  other  foods  (except  S^.  vesicaria  green  seeds).    In  addition 
to  females  on  £.  lanceolata,  low  body  weights  were  attained  on  mature 
soybean  seeds  (ca.  121  mg)  and  peanuts  (ca.  131  mg).    Male  body  weight 
also  differed  significantly  among  food  sources,  ranging  from  ca.  75  mg 
on  peanuts  to  ca.  128  mg  on  S^.  vesicaria  green  seeds  (Table  3-2).  A 
significant  reduction  in  male  body  weight  was  also  observed  on  mature 
soybean  seeds  (89.3)  mg)  and  £.  lanceolata  pods  (82.6  mg)  compared  to 
males  on  most  of  the  other  foods.    In  all  cases,  females  were 
significantly  heavier  than  males  reared  on  the  same  food,  exhibiting 
from  24%  to  73%  greater  body  weights.    Greatest  differences  in  body 
weight  between  sexes  occurred  on  peanuts  (females  73%  heavier),  S. 
emerus  (40%)  and  D_.  tortuosum  (38%). 

Discussion 

These  results  indicate  that  nymphal  survival,  duration  of 
development,  and  initial  body  weight  of  adult  N.  viridula  are  strongly 
affected  by  the  species  of  legume  and  plant  part  fed  upon  by  nymphs. 
Nymphal  mortality  was  highest  during  either  the  second  or  fifth  stages 
on  most  of  the  foods,  as  reported  for  other  species  of  pentatomids 
(Villas  Boas  and  Panizzi  1980,  Panizzi  and  Herzog  1984).  Apparently, 
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Table  3-2.    Fresh  body  weight  (mean  ±  SE)  of  male  and  female  Nezara  viridula 
on  day  one  of  adult  life  feeding  on  10  different  foods  in  the 
laboratory  (no.  of  adults  in  parentheses). 


Food  Source 


Mean  (±SE)  Fresh  Body  Weight  (mg)' 
 on  Day  One  


Females 


Males 


Sesbani a  emerus  pods 


174.7  ±  5.73  a    A         124.8  ±  3.3]  a  B 

(  17)  (  19) 


Soybean  pods  (glabrous) 


147.4  ±  6.  13  be  A 

(11) 


119.2  ±  3.03  a  B 

(7) 


Soybean  pods  (pubescent) 


146.8  ±  5.  11  be  A 

(15) 


116.9  ±  3.25  a  B 

(15) 


Soybean  seeds  (mature) 


121.2  ±  7.  17  de  A 


89.3  ±  4.09  be  B 

(16) 


Sesbani a  vesicaria  green  seeds 


163.9  ±  7.93  ab  A 

(16) 


128.  1  ±  4.49  a  8 

(10) 


Soybean  seeds  (immature) 


145.5  ±  5.75  be  A 

(12) 


113.2  ±  4.  16  ab  B 

(12) 


Green  beans 


153.0  ±  7.  12  b  A 

(15) 


118.9  ±  3.53  a  B 

(15) 


Desmodium  tortuosum  pods 


150.3  ±  4.93  b  A 

(18) 


108.9  ±  4.31  ab  B 
(7) 


Peanuts 


130.6  ±  9.80  ed  A 

(5) 


75.6  c  B 

(1) 


Crotal ari a  1 anceol ata  pods 


111.5  ±  8.57  e  A 

(8) 


82.6  ±  3.51  c  B 
(4) 


Means  followed  by  the  same  lower  case  letter  in  each  column  and  same  upper 
ease  letter  in  each  row  are  not  significantly  different  at  P  =  0.05  using 
Duncan's  multiple  range  test. 
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these  periods  of  initial  food  consumption  (second  stage)  and  high  food 
consumption  associated  with  preparation  for  molting  to  the  adult  (fifth 
stage)  are  physiologically  highly  "sensitive"  times  for  these  insects. 
The  longer  time  required  to  complete  the  fifth  stage  compared  with 
earlier  stages  is  a  common  occurrence  among  hemipterans  (e.g.,  Biehler 
and  McPherson  1982,  Sites  and  McPherson  1982,  Panizzi  and  Herzog  1984). 
One  exception  is  the  pentatomid  Brochymena  quadripustulata  (F.),  in 
which  the  fourth  stage  is  the  longest  (Cuda  and  McPherson  1976). 

Differences  in  suitability  of  foods  to  support  growth  and 
development  may  be  associated  with  differences  in  nutrients, 
allelochemicals  or  physical  factors  (Scriber  and  Slansky  1981).  The 
nitrogen,  lipid  and  potential  al lelochemical  contents  of  mature  seeds  of 
the  species  used  in  this  study  differ  among  species  (Table  3-3),  and 
thus  some  of  the  variation  in  nymphal  performance  may  be  associated  with 
such  differences  in  food  quality.    For  example,  the  high  suitability  of 
S^.  emerus  seeds  for  N^.  viridula  nymphs  may  be  due  to  their  high  nitrogen 
content,  whereas  poorer  performance  of  nymphs  on  peanuts  and  £. 
lanceolata  may  be  related,  at  least  in    part,  to  their  lower  nitrogen 
content. 

Most  of  the  groups  of  allelochemicals  listed  in  Table  3-3  have 
demonstrated  repellent  and/or  toxic  properties  against  certain  insects, 
but  none  appear  unique  to  the  legumes  on  which  performance  of  N. 

nymphs  was  particularly  poor.    However,  differences  among 
legume  species  in  specific  allelochemicals  within  these  groups  or  in 
their  concentrations  could  have  affected  nymphal  performance.  Because 
of  the  variety  of  changes  in  nutritional  and  al lelochemical  composition 
that  may  occur,  depending  on  growth  conditions  and  seed  age  (Bewley  and 
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Black  1978,  Duffus  and  Slaughter  1980),  and  because  we  did  not  measure 
the  composition  of  the  seeds  used  in  our  experiments,  further  research 
is  necessary  in  order  to  assess  the  contribution  of  nutritional  and 
allelochemical  variation  to  differences  in  nymphal  performance. 

Complete  mortality  of  second  stage  nymphs  on  _S.  vesicaria  pods  is 
probably  due  to  starvation  caused  by  the  relatively  large  air  space 
between  the  pod  wall  and  seeds  preventing  young  nymphs  from  reaching  the 
seeds  with  their  stylets  (Slansky  and  Panizzi,  unpubl .  data).    We  have 
never  found  nymphs  on  this  plant  in  the  field,  although  a  few  adult  N^. 
v'''"'dula  feeding  on  the  pods  have  been  seen.    When  nymphs  were  exposed 
to  seeds,  survival  increased  substantially,  and  developmental  time  and 
body  weight  were  similar  to  nymphs  on  the  highly  suitable  _S.  emerus. 
Similarly,  young  nymphs  of  Oncopeltus  fasciatus  (Dallas)  are  often 
unable  to  reach  seeds  of  the  milkweed  Asclepias  syriaca  L.  because  of 
its  thick  pod  walls;  nymphal  development  was  improved  on  exposed  seeds 
(Ralph  1976).    In  spite  of  adequate  weight  gain  by  nymphs  feeding  on  S. 
'^^sicaria  seeds,  few  of  the  resulting  females  oviposited,  and  fecundity 
and  longevity  were  reduced  (Panizzi  and  Slansky  1985a),  suggesting 
nutritional  and/or  allelochemical  constraints  on  adult  performance. 

High  mortality  of  second  stage  N^.  viridula  nymphs  on  K  hirsuta  may 
also  be  attributed  to  starvation,  in  this  case  resulting  from  dense 
pubescence  on  the  pods  which  probably  hindered  young  nymphs  from 
reaching  the  seeds  to  feed.    The  nutritional  quality  of  K  hirsuta  seeds 
is  apparently  suitable,  however,  as  indicated  by  the  exceptionally  high 
fecundity  of  the  pentatomid  Piezodorus  guildinii  (Westwood)  when  feeding 
on  pods  of  this  species  (Panizzi  and  Slansky  in  press  c).  Early-instar 
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nymphal  mortality  on  soybean  pods  may  also  be  related  to  the  presence  of 
pubescence.    Artificial  removal  of  the  pod  hairs  (trichomes)  resulted  in 
no  second  stage  nymphal  mortality,  and  total  mortality  was  reduced  ca. 
50%.    Jones  (1979)  similarly  found  a  large  drop  in  nymphal  mortality  of 
the  stink  bug  Thyanta  accerra  McAtee  when  he  removed  the  pubescence  from 
soybean  pods.    Trichomes  on  certain  soybean  genotypes  are  detrimental  to 
other  insects,  including  the  leafhopper  Empoasca  fabae  (Harris) 
(Turnipseed  1977). 

In  spite  of  poor  performance  on  C_.  lanceolata  and  d_.  tortuosum, 
these  plants  were  commonly  used  by  both  nymphs  and  adults  of  N^.  viridula 
as  a  food  source  in  the  field  in  our  area.    However,  Jones  (1979)  did 
not  find  1^.  viridula  on  £.  tortuosum  in  South  Carolina.  Nymphal 
mortality  on  C^.  fasciculata  was  100%  in  our  study,  and  we  have  yet  to 
find  N^.  viridula  on  this  plant  in  the  field,  whereas  Jones  (1979,  and 
personal  communication)  reported  only  42%  mortality  of  N^.  viridula 
feeding  on  C_.  fasciculata,  and  he  observed  nymphs  on  this  plant  in  the 
field  in  South  Carolina  and  Mississippi.    These  differences  between  our 
results  and  those  of  Jones  suggest  possible  differences  between  local 
populations  of  N^.  viridula  and/or  some  of  these  legumes,  although 
abundance  and/or  availability  of  additional  alternate  hosts  may  also 
influence  choice  of  food-plants. 

Although  S^.  emerus  was  highly  suitable  for  nymphs,  as  well  as  for 
adult  N^.  vi  ridula  (Panizzi  and  Slansky  1985a),  we  have  never  found 
nymphs  or  adults  on  this  plant  in  the  field.    A.  julibrissin  was 
unsuitable  for  nymphal  development,  and  we  have  never  found  N^.  viridula 
on  this  plant.    Green  beans,  similar  to  green  soybean  seeds,  provide  an 
adequate  food  source  for  nymphs  (present  study,  Harris  and  Todd  1980a), 
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although  developmental  time  is  slightly  prolonged,  survival  is 
intermediate,  and  body  weight  is  somewhat  reduced  compared  with  nymphs 
on  S_.  emerus.    Green  beans  are  also  an  adequate  diet  for  adult  N^. 
viridula  (Panizzi  and  Slansky  1985a).    Peanuts,  which  are  an  unnatural 
food  for  N^.  viridula  in  the  field,  are  a  poor  food  source.  However, 
when  nymphs  are  reared  on  green  beans  and  the  resulting  adults  are  fed 
peanuts,  oviposition  and  fecundity  are  exceptionally  high  (Panizzi  and 
Slansky  1985a).    A  green  bean  diet  is  frequently  supplemented  with 
peanuts  when  rearing  N^.  vi ridula  (Harris  and  Todd  1980a,  Kester  and 
Smith  1984). 

Vegetative  parts  of  plants    may  be  "tapped"  for  water  by  seed- 
sucking  insects  (Eggermann  and  Bongers  1971),  but  nymphs  are  seldom  able 
to  complete  development  on  these  alone  (Blakley  1981).  Complete 
mortality  of  early  stage  N^.  vi  ridula  nymphs  on  soybean  stems  and  leaves 
found  here  and  by  Jones  (1979)  clearly  indicates  that  these  vegetative 
tissues  are  unsuitable  food  sources.    Compared  with  green  soybean  seeds, 
nymphal  and  adult  performance  on  mature  soybean  seeds  are  poor,  even 
with  supplemental  water  available  (present  study,  Kester  and  Smith  1984, 
Panizzi  and  Slansky  1985a,  b).    Although  mature  soybean  seeds,  along 
with  supplemental  water,  have  been  used  to  mass-rear  N^.  viridula, 
reproduction  was  reduced  (Correa-Ferrei ra  1984).    Mature  soybean  seeds 
usually  have  low  water  (<12%  fresh  weight;  Krivoruchco  et  al .  1979)  and 
high  lectin  content  (Rudiger  1984)  compared  with  green  seeds.  Also, 
there  is  a  dramatic  change  in  the  proportions  of  lipid  classes  as  the 
seeds  develop  (Appelqvist  1975).    N^.  viridula  is  a  frequent  pest  in 
soybean  fields  with  immature  pods  present;  early  maturing  soybean 
varieties  may  escape  damage  from  N.  viridula  because  the  seeds  have 
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matured  by  the  time  the  stink  bug  population  reaches  damaging  numbers 
(Panizzi  and  Slansky  in  press  a).    In  addition  to  non-preference 
(antixenosis )  and  escape  in  time,  some  soybean  genotypes  exhibit  certain 
levels  of  antibiotic  resistance  to  N^.  viridula;  however,  the  causative 
agents  are  not  known  (Jones  and  Sullivan  1979,  Kester  et  al .  1984). 

DeWitt  and  Armbrust  (1973)  reported  mean  body  weight  for  N^. 
viridula  collected  in  Florida  and  reared  on  green  beans  as  ca.  143  mg 
for  females  and  ca.  110  mg  for  males,  similar  to  the  values  found  in  the 
present  study.    Kester  et  al .  (1984)  reared  N^.  viridula  on  pods  of  the 
soybean  cultivar  'Bragg'  and  found  ca.  147  and  115  mg  for  the  body 
weight  of  females  and  males,  respectively,  similar  to  our  data  for 
adults  reared  on  the  cultivar  'Bedford'.    Although  females  reared  on  all 
foods  were  consistently  heavier  than  males,  there  were  no  significant 
differences  between  sexes  in  total  developmental  time  on  most  of  the 
foods.    This  indicates  that  female  nymphs  either  ingest  food  at  a  higher 
rate  than  males,  and/or  are  more  efficient  in  their  use  of  ingested 
food.    Egg-laying  females  of  the  lygaeid  0.  fasciatus  exhibit  a  higher 
relative  consumption  rate  and  assimilation  efficiency  than  males 
(Slansky  1980a). 

In  conclusion,  these  results  demonstrate  that  despite  the  reported 
polyphagy  of  N.  viridula,  different  foods  may  vary  greatly  in  their 
suitability  for  survival,  growth  and  nymphal  development,  even  within 
one  plant  family  (the  Leguminosae) .    Additional  research  is  necessary  to 
determine  the  contribution  of  the  various  attributes  of  the  different 
foods  to  differences  in  their  suitability.    Knowledge  of  the  extent  to 
which  different  wild  plant  species  support  populations  of  N.  viridula 
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may  prove  useful  in  understanding  and  managing  the  movement  of  this  pest 
to  soybean  and  other  crops. 

Summary 

Nymphs  of  the  highly  polyphagous  southern  green  stink  bug,  Nezara 
viridula.  exhibited  differences  in  survivorship,  developmental  time,  and 
body  weight  at  adult  emergence  when  reared  on  the  pods  or  seeds  of  10 
species  of  legumes,  and  on  different  parts  of  the  soybean  plant  (Glycine 
max  var.  "Bedford").    Pods  of  hemp  sesbania  [Sesbania  emerus  (=S^. 
exaltata)]  were  the  most  suitable  food,  with  high  nymphal  survival  (NS  = 
90%),  shortest  developmental  time  (DT  =  20  days)  and  greatest  adult  body 
weight  (BW,  female  =  175  mg,  male  =  125  mg).    Intermediate  NS  (60-70%) 
occurred  on  green  and  mature  soybean  seeds,  but  on  mature  seeds  DT  was 
increased  (inc.)  10  days  and  BW  was  20  mg  less  than  on  green  seeds. 
Relative  to  performance  on  S^.  emerus,  lower  NS  (30-40%),  slightly  inc. 
DT  (20-27  days)  and  decreased  (dec.)  female  BW  (150  mg)  occurred  on 
green  beans  (Phaseolus  vulgaris)  and  pods  of  Florida  beggarweed 
(Desmodium  tortuosum).    Poor  NS  (<20%),  inc.  DT  (27-46  days)  and  dec.  BW 
(females  <131  mg;  males  <83  mg)  occurred  on  shelled,  raw  peanuts 
(Arachis  hypogaea)  and  on  the  pods  of  lanceleaf  crotalaria  (Crotalaria 
lanceolata).    Nymphal  survival  =  0  on  vegetative  parts  of  soybean  and 
pods  of  silktree  mimosa  (Albizia  julibrissin),  partridge  pea  (Cassia 
fasciculata),  hairy  indigo  (Indigofera  hirsuta)  and  bagpod  sesbania 
(Sesbania  vesicaria).    Nymphal  survival  inc.  to  65%  on  seeds  of  S. 
vesicaria,  and  DT  and  BW  were  similar  to  nymphs  on  S.  emerus. 
Artificial  removal  of  soybean  pod  pubescence  inc.  NS  from  77  to  90%;  DT 
and  BW  were  not  affected.    Duration  of  the  nymphal  stages  differed 
significantly,  with  the  fifth  (last)  being  the  longest.    In  general,  DT 
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did  not  significantly  differ  between  sexes;  nonetheless,  females 
achieved  significantly  heavier  BW  than  males  on  all  foods,  indicating  a 
greater  relative  consumption  rate  and/or  higher  food  utilization 
efficiencies  for  female  nymphs. 


CHAPTER  IV 

PERFORMANCE  OF  ADULT  NEZARA  VIRIDULA  (L. ) (HEMIPTERA:  PENTATOMIDAE ) 
ON  DIFFERENT  LEGUMES  AND  IMPACT  OF  NYMPH  TO  ADULT  FOOD-SWITCH 


Introducti  on 

The  southern  green  stink  bug,  Nezara  virldula  (L.),  is  probably  the 
most  studied  phytophagous  pentatomid  because  of  both  its  worldwide 
distribution  and  its  importance  as  a  pest  of  several  economic  plants. 
Many  papers  have  been  published  on  different  aspects  of  N^.  vi ridula 
biology  and  damage  to  crops  (DeWitt  and  Godfrey  1972).    More  recently, 
literature  on  N_.  vi  ridula  has  been  reviewed  with  emphasis  on  its 
association  with  soybean.  Glycine  max  (L.)  Merrill  (Todd  and  Herzog 
1980,  Panizzi  and  Slansky  in  press  a). 

H.  vi ridula  is  highly  polyphagous  as  a  species  (Oho  and  Kiritani 
1960),  although  it  seems  to  prefer  some  of  the  legumes  (Todd  and  Herzog 
1980).    Apparently,  little  is  known  about  its  polyphagy  as  an  individual 
in  the  field.    Because  nymphs  and  adults  feed  on  the  temporally 
restricted  fruiting  structures  of  plants,  a  sequence  of  host  plants  must 
be  utilized  by  the  different  stink  bug  generations  during  the  year 
(e.g.,  Jones  and  Sullivan  1982).    The  effects  these  plants  may  have  on 
the  biology  of  N^.  vi  ridula  have  been  little  investigated,  and  critical 
studies  are  needed  to  determine  their  suitability  to  this  insect. 
Furthermore,  the  impact  of  nymphal  diet  on  performance  of  N^.  vi  ridula 
adults  is  poorly  known.    In  this  study  we  evaluated  the  impact  of 
certain  legumes  on  reproduction,  survivorship,  longevity  and  body  weight 
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of  adult  IN.  vi ridula,  and  how  a  switch  in  diet  from  nymph  to  adult 
affected  adult  performance. 

Materials  and  Methods 
Experiment  1.    To  evaluate  the  impact  of  food  on  adult  N^.  vi  ridula, 
an  experiment  was  conducted  during  September  1983  to  February  1984. 
Cultures  of  nymphs  originating  from  adults  field-collected  in  the 
Gainesville  area  (Alachua  Co.,  north-central  Florida)  were  established 
in  the  laboratory  on  field-collected  green  pods  (except  where  indicated 
differently  below)  of  eight  legume  species.    Immediately  after  the 
imaginal  molt,  single  female/male  pairs  were  placed  in  glass  rearing 
jars  (17.0  x  6.5  cm)  covered  with  filter  paper.    Pairs  were  provided 
with  the  same  food  they  had  fed  on  as  nymphs.    These  foods  included  the 
following  legumes  (no.  of  pairs  in  parentheses):    soybean  var.  'Bedford' 
pods  in  R6  development  (full  green  bean  stage,  Fehr  et  al.  1971)(17); 
air-dried  soybean  seeds  of  the  same  variety  in  R8  (harvest 
maturity) (10) ;  commercially-available  raw,  shelled  peanuts,  Arachis 
hypogaea  L.  of  unknown  variety  (5);  commercially-available  green  beans, 
Phaseolus  vulgaris  L.,  of  unknown  variety  (21);  Desmodium  tortuosum 
(Sw.)  DC.  pods  (16);  lanceleaf  crotalaria,  Crotalaria  lanceolata  E.  Mey. 
pods  (8);  hemp  sesbania,  Sesbania  emerus  (Aubl.)  Urban  [=S.  exaltata 
(Raf.)  Rydb.]  pods  (13);  and  green  seeds  of  bagpod  sesbania,  S_. 
vesicaria  (Jacq.)  Ell.  [=Glottidium  vesicarium  (Jacq.)  Harper].  Seeds 
of  S^.  vesicaria  had  to  be  removed  from  the  pods  because  nymphs  died  when 
fed  pods,  apparently  because  they  could  not  reach  the  seeds  through  the 
large  air-space  between  the  pod  wall  and  the  seeds. 

Wild  plant  species  used  were  chosen  because  they  are  among  the  most 
common  legumes  occurring  locally  at  this  time  of  year,  and  thus  were 
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potential  candidates  as  wild  hosts  of  N^.  vi ridula.    Peanuts  and  green 
beans  were  included  in  this  study  because  they  are  frequently  used  for 
laboratory-rearing  of  N_.  vi  ridula  (Harris  and  Todd  1981),  and  soybean 
was  used  because  N^.  vi  ridula  is  a  major  pest  of  this  crop  (Panizzi  and 
Slansky  in  press  a). 

Experiment  2.    In  a  second  experiment,  conducted  to  evaluate  the 
impact  of  switching  diet  from  nymph  to  adult  on  adult  performance,  a 
colony  of  N_.  vi  ridula  nymphs  was  maintained  on  green  bean  pods. 
Female/male  pairs,  treated  as  in  Experiment  1,  were  observed  from 
October  1983  to  February  1984.    Ten  pairs  each  were  provided  with  the 
same  foods  as  in  Experiment  1,  except  that  S^.  vesicaria  green  pods  were 
used  instead  of  seeds. 

In  both  experiments,  food  was  replaced  every  2  days.  Water 
(moistened  cotton  balls)  was  provided  for  stink  bugs  feeding  on  mature 
soybean  seeds  and  peanuts  because,  unlike  the  green  pods  used,  these 
mature  seeds  might  not  supply  sufficient  water.    When  a  male  in  a  pair 
died,  it  was  replaced  by  a  male  that  had  been  feeding  on  the  same  food. 
Rearing  jars  were  randomly  placed  in  an  environmental  chamber  maintained 
at  25±2°C  and  70±10%  RH  under  a  14h  L:10h  D  photoperiod.    Daily  records 
were  made  of  copulating  pairs,  ovi position,  fecundity  (number  of  egg 
masses  and  eggs/mass),  egg  hatchability  and  adult  survival.    Fresh  adult 
body  weight  (mg)  was  measured  weekly  until  death,  using  a  Mettler  AC-lOO 
electronic  balance.    Data  were  analyzed  with  t  test  or  ANOVA  and 
Duncan's  multiple  range  test  using  the  Statistical  Analysis  System 
(version  1982.4). 
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Results 

Reproduction 

Mean  age  at  first  copulation  for  females  that  fed  on  the  same  food 
as  in  the  nymphal  stage  (females -SAME)  ranged  from  ca.  11  days  on  S^. 
vesicaria  and  peanuts  to  ca.  17  days  on  mature  soybean  seeds  (Table  4- 
1).    For  females  that  switched  food  from  nymph  to  adult  (females- 
SWITCH),  mean  age  at  first  copulation  ranged  from  ca.  8  days  on  S. 
vesicaria  to  ca.  14  days  on  _S.  emerus .    Although  consistently  less  time 
to  first  copulation  was  required  for  females -SWITCH  compared  to  females- 
SAME  (except  when  fed  _S.  emerus),  the  only  significant  difference  was 
for  females  fed  soybean  pods  (Table  4-1). 

Mean  age  at  first  oviposition  for  females-SAME  ranged  from  ca.  21- 
24  days,  except  on  £.  lanceolata,  which  was  twice  as  long  (Table  4-1). 
When  food  was  switched  from  nymph  to  adult,  significantly  greater  time 
to  first  oviposition  was  again  required  for  females  feeding  on  £. 
lanceolata  compared  with  females  on  the  other  foods  (Table  4-1).  In 
general,  mean  age  at  first  oviposition  decreased  with  food-switch.  The 
percent  of  females-SAME  that  oviposited  was  very  low  (<13%)  when  feeding 
on  mature  soybean  seeds,  S^.  vesicaria  and  C_.  lanceolata;  for  females- 
SWITCH,  the  lowest  percentages  ovipositing  occurred  on  S^.  vesicaria  and 
£.  lanceolata  (Table  4-1). 

For  females-SAME,  mean  number  of  egg  masses/female  was  greatest 
when  they  fed  on  S.  emerus,  green  beans,  or  peanuts,  and  mean  fecundity 
was  greatest  on  S.  emerus  (Table  4-1).    Egg  hatchability  ranged  from  ca. 
76%  on  green  beans  to  zero  on  C_.  lanceolata  and  mature  soybean  seeds, 
and  it  was  substantially  reduced  on  S^.  vesicaria  and  peanuts  (Table  4- 
1).    For  females-SWITCH,  mean  number  of  egg  masses/female  and  mean 
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fecundity  were  highest  for  females  on  peanuts;  egg  hatchability  was 
similar  for  females-SWITCH  feeding  on  the  various  foods  (Table  4-1). 

In  general,  a  positive  effect  of  food-switch  on  reproductive 
performance  occurred,  in  that  females  reared  as  nymphs  on  green  beans 
had  increased  fecundity  on  the  foods  to  which  they  were  switched 
compared  to  when  they  were  reared  as  nymphs  and  adults  on  those  foods. 
The  greatest  increase  was  for  females-SWITCH  on  peanuts,  which  exhibited 
over  a  four-fold  increase  in  fecundity  compared  with  females-SAME  on 
peanuts  (Table  4-1). 
Survivorship  and  Longevity 

When  nymphs  and  adults  were  fed  the  same  food,  survivorship  through 
40  days  was  very  low  (<30%)  for  females  on  soybean  pods  or  mature 
soybean  seeds,  and  for  both  sexes  on  U.  tortuosum  and  C_.  lanceolata ;  no 
adults  survived  beyond  30  days  on  S_.  vesicaria  (Fig.  4-1).  Mean 
longevity  of  males-SAME  was  consistently  greater  than  that  of  females- 
SAME  on  all  foods  except  C_.  lanceolata ;  longevity  of  males-SAME  ranged 
from  ca.  12  days  on  C^.  lanceolata  to  ca.  90  days  on  peanuts;  for 
females-SAME,  longevity  ranged  from  ca.  17  days  on  S^.  vesicaria  to  ca. 
40  days  on  green  beans  (Fig.  4-1).    There  were  no  significant 
differences  in  female-SAME  longevity  among  foods;  for  males-SAME, 
significant  differences  in  longevity  were  peanuts  (a),  green  beans  (b), 
soybean  pods,  D^.  tortuosum  and  mature  soybean  seeds  (each  be),  S. 
vesicaria  (cd)  and  C_.  lanceolata  (d).    Longevity  of  adults  on  S^.  emerus 
was  not  calculated  because  pods  of  this  species  were  not  available  in 
the  field  beyond  40  days,  necessitating  termination  of  stink  bugs  on 
this  food  source. 
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Fig.  4-1.    Survivorship  (%)  up  to  40  days  and  longevity  of  adult  Nezara 
viridula  feeding  on  eight  different  foods  (nymphs  and  adults 
fed  same  food).    Significant  differences  in  mean  longevity 
between  males  and  females  on  each  food  are  indicated  by  an 
asterisk. 
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When  food  was  switched  between  nymph  to  adult,  survival  through  40 
days  was  <30%  for  both  sexes  on  C^.  lanceolata  and  S^.  emerus ,  and  for 
males  on  D^.  tortuosum  (Fig.  4-2).    On  S_.  vesicaria,  no  adults  survived 
up  to  30  days.    Mean  longevity  ranged  from  ca.  20  days  for  males  and 
females  on  _S.  vesicaria  to  ca.  70  and  50  days  for  males  and  females, 
respectively,  on  peanuts  (Fig.  4-2).    The  only  significant  difference  in 
longevity  among  females  was  between  those  on  S^.  vesicaria  compared  with 
those  on  peanuts  and  on  £.  tortuosum;  for  males,  significant  differences 
in  longevity  were  peanuts  (a),  mature  soybean  seeds  (b),  soybean  pods, 
D^.  tortuosum  and  C_.  1  anceolata  (each  be),  and  S^.  vesicaria  (c).  Mean 
longevity  for  females-SWITCH  tended  to  be  greater  than  for  females-SAME. 
As  with  fecundity,  differences  in  female  longevity  between  the  two 
situations  tended  to  be  more  pronounced  for  foods  resulting  in  poor 
performance  when  fed  to  both  nymphs  and  adults.    No  significant 
differences  were  observed  for  mean  longevity  of  males-SWITCH  compared 
with  males-SAME. 
Body  Weight 

Body  weight  of  females-SAME  across  all  foods  significantly 
increased  up  to  day  22  and  then  leveled  off  (Fig.  4-3).    Body  weight  of 
males-SAME  significantly  increased  from  day  one  to  day  eight,  and 
thereafter  increased  only  slightly.    Age-specific  adult  weight  varied 
among  the  different  foods  (Table  4-2).    The  low  day  one  body  weight  of 
both  sexes  reared  as  nymphs  on  peanuts,  mature  soybean  seeds  and  C_. 
lanceolata  indicate  that  these  are  poor  quality  foods  for  the  nymphs. 
By  day  eight,  adult  weight  on  peanuts  increased  to  values  similar  to 
those  of  adults  on  the  other  foods,  whereas  body  weight  values  for 
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Fig.  4-2.    Survivorship  (%)  up  to  40  days  and  longevity  of  adult  Nezara 
viridula  on  seven  different  foods  (nymphs  in  all  treatments 
fed  green  beans).    Significant  differences  in  mean  longevity 
between  males  and  females  indicated  by  an  asterisk. 
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AGE  (DAYS) 


Fig.  4-3.    Fresh  body  weight  (mean  ±  SE)  of  adult  Nezara  viridula  at 

different  ages.    Combined  data  for  adults  fed  eight  different 
foods  as  both  nymphs  and  adults  (o),  and  for  adults  switched 
to  seven  different  foods  from  nymphs  reared  on  green  beans 
(•).    For  each  experiment  and  sex,  means  with  the  same  letter 
do  not  differ  significantly. 
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adults  on  mature  soybean  seeds  and  C_.  lanceolata  remained  low  throughout 
adult  life  (Table  4-2). 

Body  weight  of  females-SWITCH  across  all  foods  significantly 
increased  from  day  one  through  day  15;  thereafter,  body  weight  leveled 
off  and  on  day  36  it  decreased  (Fig.  4-3).    For  males-SWITCH,  a 
significant  increase  occurred  from  day  one  to  day  15,  with  only  slight 
changes  thereafter.    Body  weight  gain  by  adults-SWITCH  was  greater  than 
that  of  adults-SAME  on  mature  soybean  seeds,  £.  lanceolata  and  peanuts 
(Tables  4-2  and  4-3).    The  low  body  weight  of  females  (both  SAME  and 
SWITCH)  on  C_.  lanceolata  throughout  their  lives  (Tables  4-2  and  4-3)  was 
associated  with  a  substantial  delay  in  the  onset  of  oviposition  by 
females  on  this  plant  (Table  4-1). 

Discussion 

Results  of  the  present  study  indicate  that  although  highly 
polyphagous,  N^.  viridula  shows  differences  in  performance  depending  on 
the  food  source  utilized,  and  on  whether  a  switch  in  food  from  nymph  to 
adult  has  occurred.    Other  species  of  seed-sucking  hemipterans  also  show 
differences  in  reproductive  performance,  longevity  or  survivorship 
according  to  the  food  ingested  (Frings  et  al .  1957,  Kadosawa  and  Santa 
1981,  Ananthakrishnan  et  al .  1982,  Panizzi  and  Slansky  in  press  a). 
Food-switch  from  nymph  to  adult  also  affects  fecundity  of  the  mi  rid 
Lygus  hesperus  Knight  feeding  on  different  legumes  (Al-Munshi  et  al . 
1982).     Changes  in  food  from  nymph  to  adult  may  have  a  positive  or 
negative  effect  on  fecundity,  depending  on  the  quality  of  the  food 
involved.    For  example,  the  stink  bug  Thyanta  perditor  (F.)  had  greater 
fecundity  when  fed  seed  heads  of  Bidens  pilosa  L.  during  both  nymphal 
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and  adult  stages  than  when  adults  were  switched  to  wheat  (Triticum 
aestivum  L.)  panicles  or  soybean  pods  (Panizzi  and  Herzog  1984).  In 
this  case,  B_.  pilosa,  a  native  host  of  T.  perditor,  is  a  more  suitable 
food  than  either  wheat  or  soybean,  such  that  a  switch  to  either  of  these 
reduced  fecundity.    When  inadequate  food  (peanuts)  was  given  to  N^. 
viridula  nymphs  (5th  instar),  and  then  adults  were  given  adequate  food 
(green  beans  plus  peanuts),  fecundity  was  significantly  reduced  compared 
with  when  both  nymphs  and  adults  were  fed  green  beans  plus  peanuts 
(Kester  and  Smith  1984). 

Based  on  previous  studies  (e.g.,  Kester  and  Smith  1984)  and  on 
these  results,  it  is  evident  that  N!.  viridula  is  primarily  a  feeder  on 
immature  seeds.    Mature  soybean  seeds  plus  water  may  be  used  in  a  mass- 
rearing  program,  although  with  a  reduction  in  the  number  of  eggs/egg 
mass  (Correa-Ferrei ra  1984);  egg  fertility  of  a  related  species  (Nezara 
antennata  Scott)  was  very  low  (ca.  15%)  and  pre-oviposition  period  was 
prolonged  as  much  as  80  days  when  fed  soybean  seeds  (presumably  mature; 
Kadosawa  and  Santa  1981).    For  certain  seed-sucking  Hemiptera  (e.g., 
Alydidae,  Lygaeidae  and  Pyrrhocoridae) ,  however,  mature  seeds  or 
sprouted  seeds  are  a  suitable  food  (Wilkinson  and  Daugherty  1967,  Janzen 
1978). 

In  the  present  study,  when  N^.  vi ridula  nymphs  were  offered  adequate 
food  (green  beans)  and  then  switched  to  foods  that  resulted  in  poor 
performance  when  fed  to  both  nymphs  and  adults  (e.g.,  mature  soybean 
seeds  and  peanuts),  fecundity  and  egg  hatchability  were  significantly 
increased,  and  survivorship  and  longevity  tended  to  be  greater.  These 
results  indicate  that  an  adequate  nymphal  food  can  partially  lessen  the 
negative  impact  of  poor  quality  adult  food. 
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Differences  in  the  suitability  of  foods  for  growth,  reproduction 
and  survival  are  associated  with  qualitative  and  quantitative 
differences  in  nutrients,  al lelochemical s  and  physical  factors  (Slansky 
and  Scriber  1985).    The  gross  nutritional  (nitrogen  and  lipid)  and 
allelochemical  composition  of  mature  seeds  of  the  species  used  in  this 
study  exhibit  considerable  interspecific  variation  (Panizzi  and  Slansky 
1985b).    However,  at  present  it  is  impossible  to  assess  the  contribution 
of  the  various  food  traits  to  differences  in  N^.  vi ridula  performance 
because  the  seeds  used  in  this  study  were  not  analyzed,  and  seed 
composition  may  vary  depending  on  seed  age  and  plant  growth  conditions 
(Bewley  and  Black  1978,  Duffus  and  Slaughter  1980). 

Mean  longevity  of  N^.  vi  ridula  females  (combined  SAME  and  SWITCH) 
feeding  on  suitable  foods  was  ca.  37  days,  similar  to  the  average 
longevity  of  38  days  calculated  by  Harris  and  Todd  (1980b)  from 
published  data.    A  much  greater  mean  longevity  (ca.  84  days),  however, 
has  been  reported  for      vi  ridula  females  on  green  beans  (Velez  1974). 

Because  of  the  complex  relationship  between  food,  fecundity  and 
longevity,  reasons  for  the  observed  differences  in  fecundity  and 
longevity  on  the  different  foods  may  vary.    For  example,  the  low 
fecundity  of  N^.  vi  ridula  females-SAME  on  S^.  vesicaria  and  mature  soybean 
seeds  (relative  to  females  on  the  other  foods)  probably  resulted  from 
the  reduced  longevity  of  females  on  these  foods,  whereas  the  reduced 
longevity  of  females  (relative  to  males)  on  peanuts,  mature  soybean 
seeds  and  green  beans  may  have  been  due  to  greater  "reproductive  strain" 
placed  upon  the  females,  because  these  must  use  the  bulk  of  their 
ingested  energy  and  nutrients  in  the  production  of  eggs  (Slansky  1980a). 
Males  of  certain  other  hemipterans  also  live  longer  than  females  (Kehat 
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and  Wyndham  1972,  Slansky  1980a,  Villas  Boas  and  Panizzi  1980). 
However,  in  the  present  study,  longevity  of  females  (whether  SAME  or 
SWITCH)  was  similar  to  or  greater  than  that  of  males  on  most  of  the 
foods,  similar  to  certain  other  hemipterans  (Al-Munshi  et  al .  1982, 
Panizzi  and  Slansky  in  press  c).    Our  results  thus  indicate  that 
reproduction  does  not  place  added  "strain"  on  N^.  vi ridula  females,  at 
least  under  laboratory  conditions  with  abundant  food.    Also,  the  few 
significant  differences  in  female  longevity  among  foods,  despite  wide 
variation  in  fecundity,  indicates  that  differences  in  food  traits  exert 
their  greatest  impact  directly  on  fecundity. 

The  substantial  increase  in  body  weight  of  N^.  vi  ridula  during  the 
first  week  or  two  of  adult  life,  and  the  greater  increase  in  females 
compared  with  males,  also  occurs  in  other  hemipterans  (Muraleedharam  and 
Prabhu  1978,  Slansky  1980a,  Panizzi  and  Slansky  in  press  c).    High  food 
intake  occurring  during  this  teneral  period  supplies  the  necessary 
energy  and  nutrients  for  cuticle,  flight  muscle  and  gonad  formation,  and 
nutrient  storage  in  the  fat  body  (Slansky  1980a).    Lipid  content  of 
adult  N^.  vi ridul a  peaks  by  ca.  day  eight  for  females  and  by  day  16  for 
males  (Panizzi  and  Slansky,  unpublished  data). 

Factors  responsible  for  triggering  the  neurohormonal  events  leading 
to  the  onset  of  oviposition  in  N^.  vi  ridula  remain  unclear.  Slansky 
(1980a),  based  on  data  from  £.  fasciatus  fed  limited  amounts  of  milkweed 
seeds,  proposed  that  the  "trigger"  in  adult  females  may  be  the 
attainment  of  some  critical  level  of  nutrient  storage  or  critical  body 
weight,  as  is  the  case  for  the  triggering  of  molting  in  0_.  fasciatus  and 
certain  other  insects  (Nijhout  1979,  Blakley  1981).    On  C.  lanceolata. 
body  weight  of  female  N^.  vi  ridula  was  substantially  reduced  and  the 
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onset  of  reproduction  was  delayed  relative  to  females  on  the  other 
foods,  supporting  the  "critical  body  weight"  hypothesis.  However, 
further  research  is  necessary  to  evaluate  this  hypothesis. 

For  adults  that  fed  on  the  same  food  as  during  the  nymphal  stage, 
S_.  emerus  allowed  high  reproductive  performance;  however,  we  have  never 
found  N^.  vi ridul a  nymphs  or  adults  on  this  plant  in  the  field.    We  have, 
however,  found  and  reared  another  stink  bug,  Thyanta  custator  (Fabr.)  on 
S_.  emerus  pods  (Panizzi  and  Slansky,  unpublished  data).    Green  beans, 
and  to  a  lesser  extent,  soybean  pods,  were  also  suitable  foods,  but  the 
remaining  foods  resulted  in  poor  performance.    In  spite  of  poor 
performance  of  nymphs  and  adults  feeding  on  £.  lanceolata  pods,  N^. 
vi  ridul a  is  commonly  found  feeding  on  this  plant  in  the  field  in  north- 
central  Florida.    In  general,  with  food-switch  from  nymph  to  adult, 
improved  performance  occurred.    This  positive  effect  of  an  adequate  diet 
consumed  by  nymphs  on  adult  performance  occurred  for  all  foods  except  S^. 
emerus  pods.    Little  information  exists  on  the  extent  to  which  nymphs 
and  adults  of  various  stink  bug  species  move  among  host  species,  but 
both  nymphs  (especially  later  instars)  and  adults  of  N^.  vi ridula  are 
known  to  move  between  plants  (Panizzi  et  al .  1980,  Jones  and  Sullivan 
1982,  Schumann  and  Todd  1982).    Therefore,  food-switching  may  be  an 
important  component  of  the  nutritional  ecology  of  N^.  viridula. 

Summary 

Laboratory  studies  of  adult  southern  green  stink  bugs  (Nezara 
viridula)  feeding  on  the  seeds  or  pods  of  eight  legumes  demonstrated 
that,  although  highly  polyphagous,  this  species  exhibits  differences  in 
performance  (i.e.,  reproductive  parameters,  survivorship,  longevity  and 
body  weight  changes)  depending  on  food  source  and  on  whether  a  switch  in 
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food  from  nymph  to  adult  has  occurred.    For  females  that  fed  on  the  same 
food  as  nymphs,  pods  of  hemp  sesbania  (Sesbania  emerus)  were  the  most 
suitable  food,  and  poor  performance  occurred  on  green  seeds  of  bagpod 
sesbania  (S^.  vesicaria) ,  mature  seeds  of  soybean  (Glycine  max  var. 
'Bedford')  and  pods  of  lanceleaf  crotalaria  (Crotalaria  lanceolata).  In 
general,  rearing  nymphs  on  green  beans  (Phaseolus  vulgaris)  before 
switching  to  the  different  adult  foods  lessened  the  negative  effects  of 
many  of  these  foods  on  adult  performance  that  were  evident  when  they 
were  fed  to  both  nymphs  and  adults.    Food-switching  may  therefore  be  an 
important  component  of  the  nutritional  ecology  of  N.  vi ridula. 


CHAPTER  V 

LEGUME  HOST  IMPACT  ON  PERFORMANCE  OF  ADULT  PIEZODORUS  GUILDINII 
(WESTWOOD)(HEMIPTERA:  PENTATOMIDAE ) 


Introducti  on 

Piezodorus  guildlnii  (Westwood)  is  a  neotropical  pentatomid  with 
numerous  species  of  wild  and  cultivated  plants  reportedly  serving  as 
hosts;  the  fruiting  structures  of  these  plants  are  the  primary  feeding 
sites  (Panizzi  and  Slansky  in  press  a).    Information  is  available  on  its 
biology  and  seasonal  abundance  on  alfalfa,  Medicago  sativa  L.,  in 
Argentina  (Fraga  and  Ochoa  1972)  and  on  soybean  Glycine  max  (L.), 
Merrill  (Panizzi  and  Smith  1977),  lentil,  Lens  culinaris  Medic.  (Link 
1979)  and  green  bean,  Phaseolus  vulgaris  L.  (Link  et  al .  1980)  in 
Brazi 1 . 

P^.  guildinii  is  a  serious  pest  of  soybean  production  in  South 
America,  and  several  studies  have  investigated  the  effect  of  its  feeding 
on  seed  yield  and  quality,  and  economic  thresholds  have  been  determined 
(summarized  in  Panizzi  and  Slansky  in  press  a).    In  North  America,  P^. 
guildinii  ranges  from  Florida  to  South  Carolina;  it  also  occurs  in  New 
Mexico.    However,  little  information  is  available  on  its  host  plants  or 
on  the  impact  of  various  plants  on  its  biology  in  either  North  or  South 
America.    Because  P^.  guildinii  apparently  prefers  to  feed  on  various 
legumes,  critical  evaluation  of  the  suitability  of  these  plants  is 
necessary  to  determine  their  potential  as  hosts,  and  in  particular  the 
role  of  various  wild  plants  in  serving  as  sources  of  stink  bugs 
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colonizing  crop  plants.    The  objective  of  this  study  was  to  determine 
the  impact  of  certain  legumes  on  reproduction,  survivorship,  longevity 
and  body  weight  of  adult  P^.  guildinii . 

Materials  and  Methods 
During  November,  1983,  4th  and  5th  instar  nymphs  of  P^.  guildinii 
were  collected  from  the  wild  legume  hairy  indigo,  Indigofera  hirsuta  L., 
growing  near  a  mature  soybean  field  in  the  University  of  Florida 
Agronomy  Farm  (Alachua  Co.,  north-central  Florida).    They  were  reared  in 
the  laboratory  on  K  hirsuta  pods.    Immediately  after  the  imaginal  molt, 
single  female/male  pairs  were  placed  in  glass  rearing  jars  (17.0  x  6.5 
cm)  covered  with  filter  paper.    Ten  pairs  each  were  fed  one  of  the 
following  legumes:    U  hirsuta  pods,  lanceleaf  crotalaria,  Crotalaria 
lanceolata  E.  Mey.  pods,  soybean  pods  (var.  'Bedford')  in  R6  (full  green 
bean  stage;  Fehr  et  al.  1971),  air-dried  soybean  seeds  in  R8  (harvest 
maturity),  commercially-available  green  beans  {P_.  vulgaris )  pods,  and 
raw,  shelled  peanuts,  Arachis  hypogaea  L.  (varieties  of  the  latter  two 
plants  were  unknown). 

]_.  hi rsuta  and  C_.  lanceolata  were  chosen  to  compare  with  soybean 
because  they  apparently  are  two  important  wild  hosts  of  P_.  guildinii 
during  the  fall  in  this  area  (Panizzi  and  Slansky  in  press  b).  Peanuts, 
if  suitable  as  a  food  for  P^.  guildinii .  would  be  readily  available 
commercially  for  use  in  laboratory  rearing;  green  beans  are  commonly 
used  as  suitable  laboratory  food  for  another  polyphagous  stink  bug, 
Nezara  viridula  L.  (Harris  and  Todd  1980a). 

Food  was  replaced  every  2  days  and  water  (moistened  cotton  balls) 
was  provided  for  adults  feeding  on  the  mature  soybean  seeds  and  peanuts. 
Rearing  jars  were  randomly  placed  in  an  environmental  chamber  maintained 
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at  25  ±  2°C  and  70  ±  10%  RH  under  a  14h  L:10h  D  photoperiod.  Daily 
records  were  made  of  female  ovi position  and  fecundity  (number  of  egg 
masses  and  eggs/mass),  egg  fertility  and  adult  survivorship.    Fresh  body 
weight  (mg)  was  measured  weekly  until  death  of  the  stink  bugs,  using  a 
Mettler  AC-lOO  electronic  balance.    Data  were  analyzed  (after 
appropriate  transformation,  where  necessary)  with  t  test  or  ANCVA  and 
Duncan's  multiple  range  test  using  the  Statistical  Analysis  System 
(version  1982.4). 

Results  and  Discussion 

Reproducti  on 

Mean  age  at  first  oviposition  ranged  from  ca.  13-14  days  for 
females  feeding  on  K  hi rsuta  and  C_.  lanceolata  pods  to  over  three  times 
as  long  for  females  feeding  on  green  beans  (Table  5-1).  High 
variability  in  age  at  first  oviposition  was  evident  for  females  feeding 
on  green  beans,  soybean  pods,  mature  soybean  seeds,  and  peanuts. 
Percent  of  females  ovipositing  was  substantially  less  than  when  females 
were  fed      hi  rsuta  or  C_.  lanceolata  (Table  5-1). 

Mean  number  of  egg  masses/female  ranged  from  ca.  2-10  times  greater 
when  they  fed  on  j_.  hi  rsuta  compared  to  the  other  foods;  these 
differences  were  all  significant  except  for  that  between  females  feeding 
on  ]_.  hi  rsuta  and  C.  lanceolata  (Table  5-1).    Mean  fecundity  was  also 
significantly  greater  for  females  feeding  on  K  hi rsuta  than  on  any 
other  food,  with  lowest  fecundity  occurring  for  females  feeding  on 
mature  soybean  seeds  and  peanuts.    Egg  fertility  varied  from  73%  for 
females  feeding  on  U  hi rsuta  to  30%  for  females  feeding  on  peanuts,  but 
these  differences  were  not  significantly  different  (Table  5-1). 
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Differences  in  fecundity  have  been  reported  for  other  species  of 
seed-sucking  insects  feeding  on  different  foods.    For  example, 
Ananthakrishnan  et  al .  (1982)  found  greater  fecundity  for  the  lygaeid 
Oxycarenus  hyal i ni penni s  Costa  feeding  on  cotton,  Gossypium  hi rsutum  L., 
than  for  bugs  feeding  on  other  malvaceous  host  plants.    In  our  study, 
greatest  fecundity  was  found  when  adult  P^.  guildinii  females  fed  on 
hi rsuta  pods,  on  which  all  nymphs  were  reared.    The  switch  from  nymphal 
diet  (L  hi  rsuta )  to  a  different  adult  diet  for  all  but  the  j_.  hi  rsuta- 
fed  adults  could  have  adversely  affected  their  fecundity.  However, 
because  nymphs  were  not  reared  on  foods  other  than  l_.  hi  rsuta  and  then 
switched  to  different  foods  as  adults,  it  is  not  possible  to  distinguish 
the  impact  of  different  adult  foods  from  the  impact  of  nymph-to-adult 
diet-switching. 

Fecundity  of  another  pentatomid,  Thyanta  perditor  (F.),  was  also 
shown  to  be  greatest  when  adults  were  fed  the  same  food  as  nymphs  (seed 
heads  of  Bidens  pilosa  L.)  versus  panicles  of  wheat,  Triticum  aestivum 
L.  or  pods  of  soybean  (Panizzi  and  Herzog  1984);  again  however, 
reciprocal  food  switching  was  not  performed.    In  a  study  of  the  mi  rid 
Lygus  hesperus  Knight,  Al-Munshi  et  al .  (1982)  found  different  effects 
on  longevity  and  fecundity  depending  on  the  nymphal  and  adult  food.  For 
example,  bugs  reared  as  nymphs  on  broad  bean  and  switched  as  adults  to 
green  bean  exhibited  greater  fecundity  than  those  reared  as  nymphs  on 
alfalfa  and  then  switched  as  adults  to  green  beans. 

Kester  and  Smith  (1984)  found  that  food  quality  during  the  last 
nymphal  instar  may  affect  adult  reproduction  in  the  pentatomid  N. 
viridula,  and  suggested  that  a  diet  composed  exclusively  of  mature 
soybean  seeds  would  probably  be  inadequate.    Dry  soybean  seeds  have  been 
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used  to  mass-rear  N^.  vi ridula,  although  number  of  eggs/egg  mass  was 
reduced  (Correa-Ferrei ra  1984).    Similarly,  in  the  present  study  we 
found  poor  fecundity  of  iP.  guildinii  on  peanuts  and  mature  soybean 
seeds,  even  with  provision  of  supplementary  water.    This  is  in  contrast 
to  seed-sucking  lygaeids,  such  as  the  milkweed  bug  Oncopeltus  fasciatus 
(Dallas),  for  which  dry  seeds  of  milkweed  (Asclepias  spp.)  provide  a 
suitable  food,  if  a  source  of  water  is  available  (Slansky  1980a). 
Survivorship  and  Longevity 

Up  to  40  days,  males  and  females  feeding  on  green  beans  and  males 
feeding  on  soybean  pods  tended  to  exhibit  high  survivorship  (100%,  90% 
and  90%,  respectively;  Fig.  5-1).    Survival  of  adults  on  most  of  the 
other  foods  ranged  from  ca.  40-60%,  but  no  males  feeding  on  mature 
soybean  seeds  survived  to  day  40.    Data  on  survivorship  and  longevity 
were  not  obtained  for  adults  on  ]_.  hi rsuta  beyond  40  days  or  on  C_. 
lanceolata  beyond  30  days  because  pods  of  these  plants  were  no  longer 
available  in  the  field;  consequently,  these  two  treatments  were 
terminated.    Longevity  of  males  was  significantly  greater  when  feeding 
on  green  beans  or  soybean  pods  than  when  feeding  on  peanuts  or  mature 
soybean  seeds  (Fig.  5-1).    For  females,  no  significant  differences  in 
mean  longevity  among  foods  were  observed,  although,  like  males,  they 
tended  to  live  longer  on  green  beans.    Males  lived  a  mean  of  ca.  21  days 
longer  than  females  on  green  beans  and  ca.  37  days  longer  on  soybean 
pods,  although  only  the  difference  on  soybean  pods  was  significant. 
Longevity  of  the  sexes  on  peanuts  was  very  similar,  but  on  mature 
soybean  seeds,  females  lived  ca.  2X  longer  than  males  (Fig.  5-1). 

Males  of  two  other  species  of  hemipterans,  0^.  fasciatus  and 
Euschistus  heros  (Fab.),  also  live  longer  than  females  (Slansky  1980a, 
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Fig.  5-1.    Survivorship  up  to  40  days  and  longevity  of  adult  Piezodorus 
guildinii  feeding  on  six  different  foods.    Longevity  data  for 
adults  on  K  hi rsuta  and  C_.  lanceolata  were  not  obtained 
because  pods  of  these  plants  were  not  available  in  the  field 
after  40  and  30  days,  respectively,  necessitating  termination 
of  these  two  treatments.    The  only  significant  differences  in 
mean  longevity  were  between  males  and  females  on  soybean 
pods,  and  between  males  on  green  beans  and  soybean  pods 
versus  males  on  peanuts  and  mature  soybean  seeds  (P  =  0.05 
using  Duncan's  multiple  range  table). 
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Villas  Boas  and  Panizzi  1980).    Reduced  longevity  of  reproductive 
females  may  be  due  to  the  "strain"  of  egg-laying,  which,  by  diverting 
energy  and  nutrients  away  from  the  maintenance  of  the  female,  shortens 
its  life  (for  further  discussion,  see  Slansky  1980a).    Results  obtained 
support  this  hypothesis:    on  green  beans  and  soybean  pods,  where 
fecundity  was  moderate,  female  longevity  was  shorter  than  that  of  males, 
but  on  mature  soybean  seeds  and  peanuts,  where  fecundity  (and  thus 
presumably  reproductive  strain)  was  drastically  reduced,  females  had 
similar  (peanuts)  or  greater  (soybean  seeds)  longevity  than  males. 

On  the  other  hand,  Panizzi  and  Smith  (1977)  found  similar 
longevities  between  the  sexes  of  P_,  guildinii  feeding  on  soybean  pods  in 
Brazil.    Also,  for  the  stink  bugs  Acrosternum  hi lare  (Say)(Miner  1966) 
and  ]_.  perditor  (Panizzi  and  Herzog  1984),  as  well  as  the  hemipteran  l^. 
hesperus  (Al-Munshi  et  al .  1982)  and  for  many  other  species  of  insects 
in  other  orders  (Romoser  1973),  there  is  either  little  difference  in 
longevity  of  females  and  males,  or  females  live  longer  than  males. 
Clearly,  further  evaluation  of  the  reproductive  strain  hypothesis  using 
data  from  a  variety  of  insects  is  necessary  to  assess  its  validity; 
perhaps  negative  effects  of  reproductive  strain  are  less  severe  in  the 
laboratory  than  under  field  situations. 

The  relationship  between  food  quality,  reproductive  performance  and 
survivorship  of  adult  P^.  guildinii  suggests  that  on  ]_.  hirsuta  and,  to  a 
lesser  extent  on  C^.  lanceolata,  high  food  quality  allows  early 
initiation  of  egg  production,  attainment  of  high  fecundity  and  moderate 
survivorship.    The  quality  of  green  beans  is  sufficient  to  maintain  high 
adult  survivorship  but  egg  production  is  delayed  and  fecundity  is 
reduced  compared  to  adults  feeding  on  U  hi rsuta.    The  quality  of 


peanuts,  soybean  pods  and  mature  soybean  seeds  is  relatively  poor, 
causing  delayed  oviposition,  reduced  fecundity  and  moderate  to  low 
survival  (with  the  exception  of  high  survivorship  of  males  on  soybean 
pods). 
Body  Weight 

Fresh  body  weight  was  measured  for  P^.  guildinii  feeding  on  the 
different  host  plants  up  to  36  days  of  adult  life.    For  females  across 
all  foods,  a  significant  increase  in  body  weight  occurred  during  the 
first  15  days;  subsequently,  body  weight  leveled  off  (Fig.  5-2).  For 
males,  a  significant  increase  in  body  weight  occurred  during  the  first  8 
days;  body  weight  continued  to  increase  slightly  with  age,  such  that  36- 
day-old  males  weighed  significantly  more  than  1  to  15-day-old  males 
(Fig.  5-2).    The  greater  weight  gain  for  females  is  similar  to  the 
results  for  other  hemipterans  (Slansky  1980a,  Kester  and  Smith  1984). 
High  food  intake  and  increase  in  weight  during  the  teneral  period  is 
associated  with  cuticle,  flight  muscle  and  gonad  formation,  and  nutrient 
storage  in  the  fat  body  (Slansky  1980a).    Across  all  foods,  females 
tended  to  weigh  more  than  males  (Fig.  5-2),  although  differences  between 
the  sexes  were  significant  on  only  some  of  the  foods  at  certain  ages 
(Table  5-2). 

Host  plant  effects  on  fresh  weight  gain  by  P^.  guildinii  were 
evident  (Table  5-2).    Significant  increases  (up  to  day  15)  in  fresh  body 
weight  occurred  for  females  and  males  fed  l_.  hirsuta  or  soybean  pods, 
and  for  females  fed  green  beans  or  C_.  lanceolata  pods,  but  not  for 
females  and  males  fed  peanuts  or  mature  soybean  seeds,  or  males  fed 
green  beans  or  C_.  lanceolata  pods.    As  a  consequence,  adults  feeding  on 
j_.  hirsuta  pods,  soybean  pods  or  green  beans  tended  to  weigh  more  than 
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.  5-2.    Fresh  body  weight  (mean  ±  SE)  of  female  and  male  Plezodorus 

gui 1 di ni i  at  different  ages  (combined  data  for  adults  feeding 
on  six  different  foods;  for  day  1,  n  =  60  adults  of  each  sex; 
by  day  36,  n  =  32  and  31  for  females  and  males, 
respectively).    For  females,  body  weight  significantly 
increased  from  day  1  to  day  8  to  day  15;  thereafter,  weights 
were  not  significantly  different.    For  males,  body  weight 
significantly  increased  from  day  1  to  day  8;  day  8  through 
day  29  weights  were  not  significantly  different  from  each 
other,  and  day  36  weight  was  significantly  greater  than  day  1 
through  day  15  weights  (Duncan's  multiple  range  test,  P  = 
0.05). 
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adults  on  C_,  lanceolata,  peanuts  or  soybean  seeds  throughout  the  rest  of 
their  lives  (Table  5-2). 

It  has  been  proposed  that  consumption  of  a  particular  amount  of 
suitable  food,  and/or  the  storage  of  a  particular  level  of  nutrients, 
may  serve  as  internal  stimuli  contributing  to  the  initiation  of 
neuroendocrine  events  leading  to  egg  production  in  0^.  fasciatus  (Slansky 
1980b).    In  our  study,  age  at  initiation  of  oviposition  was  quite 
variable  (see  Table  5-1  for  mean  values).    Across  all  foods,  values  for 
individual  females  ranged  from  six  days  for  a  female  feeding  on  _I_. 
hirsuta  to  134  days  for  a  female  feeding  on  green  beans.    Although  there 
were  significant  differences  in  body  weight  among  females  feeding  on  the 
different  foods  at  each  age  (Table  5-2),  there  were  no  significant 
differences  in  their  mean  body  weight  measured  on  the  day  nearest  to  the 
onset  of  oviposition  (because  weights  were  measured  weekly,  this  day 
ranges  from  one  to  seven  days  prior  to  oviposition;  Table  5-3).  These 
results  support  the  above  hypothesis.    However,  body  weight  of 
individual  females  measured  on  the  day  nearest  to  the  onset  of 
oviposition  ranged  from  41.9  to  88.4  mg;  this  greater  than  2-fold  range 
seems  too  large  to  support  the  hypothesis  of  attainment  of  a  given  level 
of  nutrient  storage  prior  to  initiation  of  oviposition,  even  allowing 
for  individual  variability  among  females.    While  the  factors  leading  to 
the  neuroendocrine  events  initiating  oviposition  in  P^.  guildinii  thus 
remain  unresolved,  it  is  evident  that  most  females  feeding  on  the 
different  plants  exhibited  a  mean  increase  of  10  mg  or  more  in  the  week 
or  two  prior  to  the  onset  of  oviposition  (Table  5-3). 

The  results  of  the  present  study  demonstrate  that  although 
polyphagous,  P^.  guildinii  adults  exhibit  differences  in  performance 
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Table  5-3.    Fresh  body  weight  (mg)  of  adult  female  Piezodorus  guildinii 
relative  to  onset  of  oviposition  (mean  ±  SE,  range  in 
parentheses) 


Weight  nearest 

Food  source 

to  day  of  1st 

Weight  7  days 

(no.  females) 

0  vipositionb 

earl  ier 

Di  f ference^ 

Indigofera  hirsuta 

64.4  ±  3.4  a  A 

5  1.9  ±  1.9  be 

B 

14.3  ±  2.6  a 

(9) 

(51.7-79.5) 

(47.0-62.4) 

(2.2-21.9) 

Crotalaria  lanceolata 

58.7  ±  4.8  a  A 

47.2  ±  3.  1  c 

B 

14.2  ±  3.4  a 

(8) 

(41.9-77.4) 

(38.3-60.0) 

( 1.  6-26.3) 

Green  beans 

66.0  ±  2.8  a  A 

63.7  ±  4.3  ab 

A 

10.2  ±  5.4  a 

(7) 

(52.  1-74.2) 

(48.3-74.6) 

(  1.4-25.6) 

Soybean  pods 

71.  1  ±  6.3  a  A 

65.7  ±  5.  1  a 

A 

11.8  ±  2.6  a 

(4) 

(61.0-88.4) 

(54.0-76.  1) 

(7.0-16. 1) 

Mature  soybean  seeds 

58.7  ±  1.8  a  A 

49.4  ±  6.0  c 

A 

14.9  ±  2.9  a 

(3) 

(56.5-62.2) 

(38.7-59.3) 

( 12.0-17.8) 

Peanuts 

68.2  ±  5.8  a  A 

53.8  ±  4.5  abc 

A 

23.  1  ±  9.2  a 

(3) 

(59.5-79.3) 

(47.  1-62.4) 

(  13.9-32.2) 

Means  followed  by  the  same  upper  case  letter  in  each  row  (for  the  two 
weight  values),  or  the  same  lower  case  letter  in  each  column,  are  not 
significantly  different  at  P  =  0.05,  using  t  test  or  Duncan's  multiple 
range  test,  respectively. 

'^Because  weights  are  measured  weekly,  this  day  ranges  from  one  to  seven 
days  prior  to  oviposition. 

^One  female  lost  weight  on  each  of  these  foods:    U  hi rsuta,  1.3  mg;  C_. 
lanceolata,  7.1  mg;  soybean  pods,  13.3  mg;  mature  soybean  seeds,  1.8  mg; 
peanuts,  2.9  mg;  3  females  lost  weight  on  green  beans,  5.0,  7.0  and  12.8 
mg.    These  negative  differences  were  not  included  when  calculating  mean 
di  fferences. 


depending  on  the  host  plant  utilized.    Pods  of  j_.  hi rsuta  were  the  most 
suitable  food,  followed  by  pods  of  C_.  lanceolata,  on  which  a  high 
percentage  of  females  also  exhibited  early  oviposition,  although 
fecundity  was  reduced.    Green  beans,  soybean  pods,  mature  soybean  seeds 
and  peanuts  were  less  suitable  foods,  allowing  fewer  females  to  oviposit 
and  causing  delayed  oviposition  and  reduced  fecundity.    The  extent  to 
which  these  differences  are  due  to  diet -switch  from  nymph  to  adult  (all 
nymphs  having  been  collected  and  reared  on  U  hi  rsuta )  and  to  inherent 
differences  in  the  quality  of  the  different  foods,  and  the  nature  of  the 
differences  in  food  quality  (e.g.,  protein  levels,  amino  acid 
composition  of  proteins,  and  presence  and  concentration  of 
allelochemicals)  requires  further  investigation  to  more  fully  understand 
the  nutritional  ecology  (Slansky  1982)  of  P^.  guildinii . 

The  abundance  of  P^.  guildinii  eggs,  nymphs  and  adults  on  J_.  hi  rsuta 
and  C_.  lanceolata  plants  growing  near  soybean  fields  in  north-central 
Florida  (Panizzi  and  Slansky  in  press  b),  when  coupled  with  the  results 
of  the  present  study  on  the  suitability  of  l_.  hi  rsuta  and  C_.  lanceolata 
for  adult  reproduction,  strongly  suggest  that  these  two  plants  serve  as 
important  wild  hosts,  maintaining  populations  of  this  stink  bug  when 
cultivated  plants  are  not  available.    In  Colombia,  j_.  hi  rsuta  and 
Crotalaria  pallida  Aiton  apparently  provide  sources  of  P^.  guildinii  that 
infest  soybean  (Mailman  1979). 

Fruiting  structures  of  L  hi  rsuta  and  C_.  lanceolata  are  present 
only  in  late  summer  and  fall  in  north-central  Florida.    Thus,  P^. 
guildinii  undoubtedly  must  exhibit  seasonal  shifts  in  host  plant  use, 
but  the  extent  to  which  individual  stink  bugs  exhibit  polyphagous 
feeding  habits  is  unknown.    The  poor  performance  of  P^.  guildinii  on 
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soybean  pods  in  our  study  suggests  that  these  are  not  a  highly  suitable 
food  source.    Similar  results  on  onset  of  oviposition  and  fecundity  were 
reported  for  P^.  guildinii  feeding  on  soybean  pods  in  Brazil  (Panizzi  and 
Smith  1977).    Nonetheless,  P^.  guildinii  is  commonly  found  in  soybean 
fields  in  South  America  (Panizzi  and  Slansky  in  press  a)  and  seems  to  be 
increasing  in  abundance  on  soybean  in  north-central  Florida  (Menezes 
1981).    Earlier  pod  stages  than  those  used  here  (R6  and  R8)  may  be  more 
suitable  foods  for  P^.  gui  1  di ni i ,  or  these  later  pod  stages  may  be 
suitable  foods  if  adult  stink  bugs  are  able  to  occassionally  feed  on 
other  foods  as  well.    Further  research  on  food-switching  behavior  of  £. 
guildinii  is  necessary  to  resolve  these  questions. 

Summary 

Laboratory  studies  of  adult  Piezodorus  guildinii  feeding  on  the 
seeds  or  pods  of  five  legumes  demonstrated  that,  although  polyphagous, 
this  stink  bug  exhibits  differences  in  performance  (i.e.,  reproductive 
parameters,  survivorship,  longevity  and  body  weight  changes)  depending 
on  food  source.    Pods  of  hairy  indigo,  Indigofera  hirsuta,  were  the  most 
suitable  food.    A  high  percentage  of  females  also  initiated  early 
oviposition  when  feeding  on  pods  of  lanceleaf  crotalaria,  Crotalaria 
lanceolata,  but  fecundity  was  reduced  3X.    Green  beans,  soybean  pods, 
mature  soybean  seeds  and  peanuts  were  less  suitable,  allowing  fewer 
females  to  oviposit,  and  causing  ca.  20-30  days  delay  in  onset  of 
oviposition  and  ca.  78-99%  reductions  in  fecundity.    These  results, 
coupled  with  previous  field  observations,  suggest  that  U  hirsuta  and  C_. 
lanceolata  serve  as  important  wild  hosts  in  the  seasonal  phenology  of  P^. 
guildinii .    Although  soybean  pods  were  a  less  suitable  food  in  this 
study,  other  studies  indicate  that  P^.  guildinii  is  an  important  pest  of 
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soybean  in  Brazil  and  that  it  may  be  increasing  in  abundance  on  soybean 
in  Florida. 


CHAPTER  VI 

BODY  LIPID  CONTENT  OF  ADULT  NEZARA  VIRIDULA  AND  PIEZODORUS  GUILDINII 
(HEMIPTERA:  PENTATOMIDAE)  AS  AFFECTED  BY  AGE  AND  FOOD  SOURCE 


Introducti  on 

Lipids  are  essential  substances  for  insects,  because  of  their 
metabolic  and  structural  functions.    They  are  of  particular  importance 
not  only  for  maintenance,  but  as  a  source  of  metabolic  energy  for  use  in 
periods  of  prolonged  energy  demand  (Downer  1978).    For  instance,  during 
flight,  either  carbohydrates  or  lipids  may  be  used  as  fuels,  and 
sometimes  both  are  used.    However,  because  lipids  have  a  higher  caloric 
content  per  unit  weight  of  substrate  than  do  carbohydrates  and  are  thus 
more  energy  efficient,  they  are  used  as  the  main  fuel  by  many  insects 
(e.g.,  Lepidoptera)  during  sustained  flight  (Downer  and  Matthews  1976). 

Many  species  of  Hemiptera  rely  on  lipids  and  carbohydrates  for 
flight  (Downer  1978),  and  this  may  vary  even  within  strains  of  the  same 
species.    For  example,  sedentary  individuals  of  the  hemipteran 
Oncopeltus  fasciatus  (Dal  1  as ) (Lygaeidae) ,  contained  ca.  5%  lipid, 
whereas  migratory  individuals  contained  as  much  as  25%  lipid,  and  a  much 
greater  cytochrome  c  oxidase  activity  (Holmes  et  al .  1979).    Body  lipid 
content  of  0_.  fasciatus  also  may  change  in  quality  and  quantity 
according  to  life  stages  (i.e.,  egg  different  from  nymph  different  from 
adult)(Kinsella  1966).    However,  very  little  information  is  available  in 
the  literature  on  the  quantitative  aspects  of  body  lipid  content  of 
phytophagous  pentatomids.    Because  of  this  and  because  of  their 
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economic  importance  as  pests  of  certain  legumes  (see  Panizzi  and  Slansky 
in  press  a),  lipid  content  of  two  species  of  pentatomids,  Nezara 
vi ridula  (L.)  and  Piezodorus  guildinii  (Westwood),  was  studied.  A 
comparison  was  made  of  the  total  body  lipid  between  the  two  species  and 
between  sexes  of  the  same  species.    In  addition,  the  effect  of  age  on 
the  adult  body  lipid  content  of  both  species  and  the  impact  of  food 
source  on  adult  body  lipid  of  N^.  vi  ridula  were  evaluated. 

Materials  and  Methods 

During  July-November  1983,  nymphs  of  both  N^.  vi  ridula  and  P^. 
guildinii  originating  from  adults  collected  on  wild  hosts  in  the 
Gainesville  area  (Alachua  Co.,  north-central  Florida)  were  established 
in  the  laboratory  on  different  foods.    Immediately  after  the  imaginal 
molt,  adults  of  both  species  were  placed  separately  in  glass  rearing 
jars  (17.0  x  6.5  cm)  covered  with  filter  paper.    Rearing  jars  were 
randomly  placed  in  an  environmental  chamber  maintained  at  25  ±  2°C,  70  ± 
10%  RH  under  a  14h  L:10h  D  photoperiod.    Adults  of  both  species  were 
provided  with  the  same  food  they  had  fed  on  as  nymphs,  i.e.,  green  beans 
Phaseolus  vulgaris  L.  of  unknown  variety.    Food  was  replaced  every  two 
days.    Six  females  and  six  males  of  each  species  were  frozen  at  -8°C  on 
days,  0,  2,  4,  8,  16  and  32  of  adult  life,  except  that  P^.  guildinii 
females  were  frozen  only  up  to  day  16  and  males  up  to  day  4,  because 
these  were  not  able  to  be  maintained  on  green  beans  past  these  ages. 

To  compare  the  effect  of  different  foods  on  lipid  storage,  adults 
of  N^.  vi  ridula,  reared  on  green  beans  as  nymphs,  were  switched  to  the 
following  legumes  (no.  of  adults  in  parentheses):    soybean  [Glycine  max 
(L.)  Merrill,  var.  'Bedford']  in  R6  (full  green  bean  stage,  Fehr  et  al. 
1971)  pods  (seven  females),  Florida  beggarweed  [Desmodium  tortuosum 
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(Sw.)  DC]  pods  (nine  females),  bagpod  sesbania  [Sesbania  vesicaria 
(Jacq.)  Ell.  =  Glottidium  vesicarlum  (Jacq.)  Harper] (10  females,  six 
males),  and  lanceleaf  crotalaria  (Crotalaria  lanceolata  E.  Mey.)  pods 
(10  females,  10  males).    Age  of  females  ranged  from  four  to  12  days  and 
of  males  seven  to  11  days.    In  addition,  some  H_.  vi ridula  adults  that 
were  offered  the  same  food  they  had  fed  on  as  nymphs  were  also  frozen  on 
day  one  of  adult  life  for  extraction.    Foods  used  were  immature  soybean 
seeds  (12  females,  five  males),  soybean  pods  in  R6  (eight  females,  five 
males),  and  green  bean  pods  (12  females,  12  males). 

Frozen  adults  were  oven  dried  at  60°C  for  48  hours.    Fresh  and  dry 
weights  of  adults  were  measured  using  a  Mettler  AC-lOO  electronic 
balance.    Body  lipid  was  extracted  by  refluxing  with  petroleum  ether  for 
four  hours  in  a  Soxhlet  apparatus.    Total  body  lipid  was  calculated  as 
the  dry  weight  difference  prior  to  and  after  extraction.    Percent  lipid 
was  expressed  as  total  body  lipid/total  adult  dry  weight.    Data  were 
analyzed  with  ANOVA  and  Duncan's  multiple  range  test  using  the 
Statistical  Analysis  System  (version  1982.4). 

Results  and  Discussion 

Lipid  content  (mg)  of  both  sexes  of  N^.  vi  ridula  showed  little 
change  up  to  day  four,  after  which  it  increased  and  peaked  on  day  16, 
and  then  decreased  significantly  by  day  32  of  adult  life  (Table  6-1). 
Body  lipid  as  a  percentage  of  dry  body  weight  showed  similar  trends;  for 
males  it  reached  its  highest  value  on  day  16,  being  significantly 
greater  than  all  other  ages,  and  for  females  it  peaked  on  day  eight, 
being  significantly  (ca.  2X)  greater  than  at  age  four  days  (Table  6-1). 
Differences  in  lipid  content  between  sexes  are  probably  associated  with 
physiological  differences  between  females  and  males.    Female  N^.  vi  ridula 
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Table  6-1.    Body  weight  and  lipid  content  of  adult  female  and  male  Nezara  viridula 
and  Piezodorus  guildinii  at  different  ages,  fed  green  bean  pods  as 
nymphs  and  adults  (n  =  six  females,  six  males). 


 Female    Male  

Age        Body  Weight'   Body  Weight'   ^^^^  

(days)     (dry  weight)         (%)  (mg)  (dry  mg)  (%)  mg 


Nezara  viridula 


0 

27.5  d 

A 

10.7 

ab  B 

2.9  b 

A 

22.1 

b 

A 

7.1  c 

B 

1.6 

c 

A 

2 

411.0*0 

A 

A 

Q  1 

ab  A 

3.4  b 

A 

26.6 

K 
D 

A 
M 

n  r 

R 
D 

A 

4 

38.3  c 

A 

6.6 

b  B 

2.6  b 

A 

31.1 

b 

A 

9.2  c 

B 

2.9 

c 

A 

8 

58.7*b 

A 

15.1 

a  A 

8.7  a 

A 

44.3 

a 

10.7  b 

7.6 

b 

16 

76.3*a 

A 

12.6 

ab  A 

9.6  a 

A 

47.0 

a 

23.7*a 

11.4 

a 

32 

68.5*a 

7.6 

ab 

5.2  b 

45.3 

a 

16.8*b 

7.7 

b 

gui Idi  ni  i 

0 

10.5  b 

B 

24.6 

ab  A 

2.6  be 

A 

9.4 

a 

B 

24.3  ab 

A 

2.3 

a 

A 

2 

13.7*b 

B 

12.8 

c  A 

1.8  c 

A 

9.9 

a 

B 

22.4*b 

A 

2.2 

a 

A 

4 

17.6*a 

B 

27.7 

a  A 

5.0*a 

A 

11.3 

a 

B 

30.3  a 

A 

3.3 

a 

A 

8 

18.1  a 

B 

21.3 

ab  A 

3.9  ab 

B 

16 

21.3  a 

B 

18.4 

be  A 

4.1  ab 

B 

Means  (between  species)  followed  by  the  same  upper  case  letter  in  each  column, 
and  means  (within  species)  followed  by  the  same  lower  case  letter  in  each 
column,  are  not  significantly  different  at  P  =  0.05,  using  Duncan's  multiple 
range  test. 

*Value  between  sexes  significantly  different  at  P  =  0.05. 
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fed  green  beans  begin  ovipositing  around  day  23  of  adult  life  (Panizzi 
and  Slansky  1985a);  thus,  lipids  are  accumulated  prior  to  oviposition 
and  they  decrease  after  the  onset  of  oviposition.    Slansky  (1980a) 
showed  that  during  the  teneral  period  (first  eight  days  of  adult  life), 
the  milkweed  bug  Oncopeltus  fasciatus  (Dallas)  consumes  a  relatively 
large  amount  of  food  and  that  body  lipids  double.    The  decrease  in  lipid 
content  of  males  at  day  32  may  be  associated  with  aging  and/or 
physiological  demands  associated  with  reproduction.    Males  had 
significantly  (ca.  2X)  greater  percentage  lipid  than  females  on  days  16 
and  32  (Table  6-1),  probably  because  the  females  were  using  energy  and 
nutrients  for  egg  production. 

Adults  of  P^.  guildinii  generally  showed  a  similar  trend,  but  lipid 
content  of  females  peaked  on  day  four,  earlier  than  N^.  vi ridula,  and  it 
decreased  thereafter  (Table  6-1).    This  decrease  apparently  was  not 
associated  with  oviposition,  because  female  P^.  gui Idini i  fed  green  beans 
begin  to  oviposit  abnormally  late  (ca.  46  days  after  adult  emergence; 
Panizzi  and  Slansky  in  press  c).    Instead,  it  was  probably  related  to 
aging  and/or  to  poor  food  quality.    Significant  differences  between 
sexes  occurred  on  day  two,  with  males  having  a  greater  percentage  lipid, 
and  on  day  four  of  adult  life,  when  females  contained  significantly  more 
lipid  than  males  (Table  6-1).    No  males  survived  past  day  four. 

Although  the  body  weight  of  N^.  vi  ridula  ranged  from  2.2  to  3.6X 
greater  than  that  of  P^.  gui Idi ni i ,  its  lipid  content  (mg)  was 
significantly  greater  only  at  ages  eight  and  16  compared  to  P^. 
guildinii .    P^.  gui  Idini  i  showed  significantly  higher  values  of 
percentage  lipid  from  days  zero  through  four  for  males  and  at  ages  zero 
and  four  for  females  (Table  6-1).    This  higher  percentage  lipid  for  P. 
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guildinii  may  be  related  to  differences  in  life  history  between  the  two 
species.    For  example,  N^.  viridula  shows  a  much  greater  polyphagy  than 
P^.  gui Idinii  (Panizzi  and  Slansky  in  press  a),  and  theoretically  could 
more  easily  locate  a  suitable  food  plant,  while  P^.  guildinii  would  need 
more  stored  energy  (i.e.,  lipids)  for  longer  flights  to  locate  a 
particular  host  plant.    Similarly,  0^.  fasciatus,  which  is  restricted 
primarily  to  feeding  on  milkweed  plants  (Ascl epias  spp.),  contained  a 
high  percentage  lipid  (ca.  37%  dw)  at  the  end  of  the  teneral  period, 
when  flight  to  locate  new  feeding  sites  occurs  and  after  which 
reproduction  begins.    Differences  in  fat  body  content  between  two 
species  of  hemipterans  Stenodema  laevigatum  (L.)  and  Notostira  erratica 
(L. ) (Mi ridae)  have  also  been  reported  (Woodward  1952),  associated  with 
differences  in  hibernation  and  sexual  cycle. 

There  was  an  effect  of  diet  on  lipid  content  of  adult  H.  viridula, 
either  fed  green  bean  pods  as  nymphs  and  then  switched  to  different 
foods  as  adults  (Table  6-2),  or  fed  the  same  food  as  nymphs  and  adults 
(Table  6-3).    In  the  first  case,  adults  gained  significantly  less  lipid 
when  fed  C^.  lanceolata  pods  than  when  offered  _S.  vesicaria,  £.  tortuosum 
or  soybean  pods  (Table  6-2).    This  is  associated  with  poor  reproductive 
performance  and  survival  of  N^.  vi ridula  (Panizzi  and  Slansky  1985a). 
Although  reproductive  performance  was  also  low  for  N^.  vi  ridula  adults 
fed  S^.  vesicaria  (Panizzi  and  Slansky  1985a),  this  was  not  associated 
with  reduced  body  weight  gain  or  lipid  storage  during  early  adult  life; 
weight  gain  of  female  f[.  viridula  on  S^.  vesicaria  was  significantly 
greater,  and  percentage  lipid  and  lipid  content  were  equivalent  to  those 
of  females  fed  soybean  or  D_.  tortuosum  pods  (Table  6-2).  Significant 
differences  in  body  weight  and  lipid  between  the  sexes  occurred  on  S. 
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Table  6-2.    Body  weight  and  lipid  content  of  adult  female  and  male  Nezara 

vi ridula  fed  green  bean  pods  as  nymphs  and  four  different  legumes 
as  adults  (no.  of  adults  in  parentheses). 


Host 

Female'^ 

Male^ 

Body  g 
Wei  ght 
(dry  mg) 

Lipid^ 

Body 
Weight^ 
(dry  mg) 

Lipid^ 

(%) 

(mg) 

(%)  (mg) 

Soybean  pods 

49.6  b 

18.7  a 

9.5  a 

(7) 

Desmodium  tortuosum 

54.8  b 

17.5  a 

10.1  a 

pods 

(9) 

Sesbania  vesicaria 

63.4*a 

17.2*a 

ll.l*a 

36.4  a 

11.0  a     4.1  a 

pods 

(10) 

(6) 

Crotalaria  lanceolata 

28.8  c 

4.6  b 

1.3  b 

25.3  b 

3.2  b     0.9  b 

pods 

(10) 

(10) 

^Means  followed  by  the  same  letter  in  each  column,  are  not  significantly 

different  at  P  =  0.05,  using  Duncan's  multiple  range  test. 

%e  4-12  days. 

^Age  7-11  days. 


*Female  value  significantly  different  than  male  value  at  P  =  0.05. 


-  78  - 


Table  6-3.    Body  weight  and  lipid  content  of  adult  Nezara  viridula  females  and 
males  on  day  one  of  adult  life,  fed  three  different  foods  (no.  of 
adults  in  parentheses). 


Host 

Pama 1 
r  cilia  1  C 

Male'' 

Body 
Weight'^ 
(dry  mg) 

Lipid 

a 

Body 
Weight^ 
\ory  mg; 

Li  pi  d 

(%) 

(mg) 

It^  (ma\ 
{To)  ^mg; 

Soybean  seeds  immature 

35.3*a 

22.8  a 

8.1*a 

26.5  a 

20.1  a     5.4  a 

(R6) 

(12) 

(5) 

Soybean  pods  (R6) 

35.1*a 

16.7  b 

6.2  b 

28.7  a 

16.5  a     4.7  a 

(8) 

(5) 

Green  bean  pods 

33.8*a 

9.4  c 

3.2*c 

24.3  a 

6.6  b      1.6  b 

(12) 

(12) 

^Means  followed  by  the  same  letter  in  each  row,  are  not  significantly 
different  at  P  =  0.05,  using  Duncan's  multiple  range  test. 

*Female  value  significantly  different  than  male  value  at  P  =  0.05. 


vesicaria  but  not  on  C_.  lanceolata ;  no  males  were  analyzed  on  soybean  or 
D^.  tortuosum  pods  (Table  6-2). 

When  N^.  viridula  was  fed  soybean  seeds,  pods  or  green  bean  pods  as 
both  nymphs  and  adults,  body  weight  on  day  one  of  adult  life  was  not 
significantly  affected,  but  both  females  and  males  contained 
significantly  greater  percentage  lipid  and  amount  of  lipid  (ca.  2-3X)  on 
soybean  (either  pods  or  immature  seeds)  than  on  green  bean  pods  (Table 
6-3).    Females  fed  exposed  soybean  seeds  contained  significantly  more 
lipid  (percentage  and  amount)  than  females  fed  soybean  pods,  but  for 
males  this  difference  was  not  significant.    Because  lipid  content  was 
determined  on  day  one  of  adult  life,  it  mainly  represents  lipid 
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accumulated  as  a  result  of  feeding  during  nymphal  development.  Immature 
soybean  seeds  or  soybean  pods  are  more  suitable  foods  than  green  bean 
pods  for  nymphal  development  of  IN.  viridula  (Panizzi  and  Slansky  1985b). 
No  significant  differences  in  body  lipid  content  were  found  between  one- 
day  old  females  and  males  of  N^.  vi  ridula  fed  either  soybean  or  green 
bean  (Table  6-3). 

Fat  body  deposition  of  female  N^.  viridula  was  reported  to  be 
greater  when  fed  peanuts  or  soaked  soybean  than  when  offered  green  beans 
(Kester  and  Smith  1984).    The  amount  of  lipids  and  proportion  of  fatty 
acids  in  body  lipids  of  the  hemipteran  0^.  fasciatus  and  of  the  moth 
Anticarsia  gemmatalis  Hubner  (Lepidoptera:  Noctuidae)  are  also  known  to 
vary  depending  on  diet  (Nation  and  Bowers  1982,  Cookman  et  al.  1984). 
For  A.  gemmatalis,  a  holometabolous  insect,  lipid  content  declined  with 
metamorphosis  from  mature  larva  to  adult  (Cookman  et  al .  1984);  in 
contrast,  the  lipid  content  of  paurometabolous  species  like  0^.  fasciatus 
and  the  stink  bugs  studied  here  tend  to  increase  in  the  adult  stage 
associated  with  substantial  feeding  by  the  adults. 

Results  of  the  present  study  indicate  that  body  lipid  content  of 
adult  N^.  viridula  and  P^.  guildinii  changed  with  age  and  differed  between 
sexes  of  the  same  species,  and  between  species.    In  addition  it  was 
demonstrated  that  food  affected  lipid  content  of  N^.  viridula.  The 
implications  of  these  results,  particularly  how  the  effect  of  food 
quality  on  lipid  storage  will  influence  field  populations  of  both 
species,  remain  unclear.    Surely,  the  quality  of  N^.  vi  ridula  and  P^. 
guildinii  populations  originating  from  different  host  plants  will  vary, 
and  consequently  their  potential  economic  impact  on  crops  such  as 
soybean  may  also  be  affected. 
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Summary 

Laboratory  studies  of  adult  Nezara  viridula  and  Piezodorus 
gui1d1n1i  indicated  that  body  lipid  content  changed  with  age  and 
differed  between  sexes  of  the  same  species,  and  between  species.  In 
addition,  it  was  demonstrated  that  food  affected  lipid  content  of  N^. 
viridula. 

Lipid  content  (mg)  and  body  lipid  as  a  percentage  of  dry  body 
weight  peaked  at  day  16  for  N_.  viridula  (except  %  dw  lipid  for  females 
that  peaked  on  day  eight),  whereas  for  P^.  guildinii  it  peaked  earlier  at 
day  four.    In  general,  females  of  both  species  accumulated  more  lipid 
than  males.    Adults  N^.  viridula  gained  significantly  less  lipid  when  fed 
on  lanceleaf  crotalaria,  Crotalaria  lanceolata  than  when  offered  bagpod 
sesbania,  Sesbania  vesicaria,  hairy  indigo,  Indigofera  hirsuta  or 
soybean.  Glycine  max  pods.    Similarly,  percentage  lipid  and  amount  of 
lipid  of  H.  viridula  was  significantly  greater  (ca.  2-3X)  when  fed 
soybean  (either  pods  or  immature  seeds)  than  when  fed  green  bean  pods. 


CHAPTER  VII 
CONCLUSIONS 


These  laboratory  studies  of  adults  of  the  southern  green  stink  bug, 
Nezara  viridula  have  demonstrated  that  pubescent  pods  were  the  most 
preferred  structure  of  the  soybean  (Glycine  max)  plant  for  feeding, 
followed  by  petioles  plus  stems,  flowers  and  leaves.    With  no  pods 
available,  preference  decreased  from  petioles  plus  stems>flowers>leaves. 
Nymphs  showed  strong  preference  for  pubescent  pods,  as  well  as  for 
flowers,  compared  with  the  other  soybean  plant  parts.    Immature  seeds 
were  preferred  to  mature  seeds,  particularly  by  nymphs.    Both  adults  and 
nymphs  of  N^.  vi ridula  preferred  pubescent  soybean  pods  to  green  bean 
pods  or  peanuts,  with  peanuts  being  the  least  preferred  of  the  three 
foods. 

Nymphs  of  N^.  viridula  exhibited  high  nymphal  survival,  shortest- 
developmental  time,  and  greatest  adult  body  weight  when  fed  pods  of  the 
wild  legume,  hemp  sesbania  (Sesbania  emerus),  compared  with  pods  or 
seeds  of  other  legumes.    Intermediate  nymphal  survival  occurred  on  green 
and  mature  soybean  seeds,  but  developmental  time  increased  and  body 
weight  decreased  on  mature  seeds.    Nymphs  fed  pods  of  green  bean 
(Phaseolus  vulgaris)  and  pods  of  Florida  beggarweed  (Desmodium 
tortuosum)  showed  lower  nymphal  survival,  increased  developmental  time, 
and  decreased  body  weight  compared  with  nymphs  on  hemp  sesbania.  Poor 
nymphal  survival,  increased  developmental  time,  and  decreased  body 
weight  occurred  on  raw  peanuts  (Arachis  hypogaea)  and  on  pods  of 
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lanceleaf  crotalaria  (Crotalaria  lanceolata).    Vegetative  parts  of 
soybean  and  pods  of  silktree  mimosa  (Albizia  julibrissin),  partridge  pea 
(Cassia  fasciculata) .  hairy  indigo  (Indigofera  hirsuta).  and  bagpod 
sesbania  (Sesbania  vesicaria)  did  not  allow  nymphal  survival. 
Artificially  removing  the  pubescence  on  soybean  pods  and  exposing  seeds 
of  bagpod  sesbania  increased  nymphal  survival.    Females  achieved  heavier 
body  weight  than  males,  but  developmental  time  was  similar  between 
sexes,  indicating  a  greater  relative  consumption  rate  and/or  higher  food 
utilization  efficiencies  by  female  nymphs. 

Pods  of  hemp  sesbania  were  the  most  suitable  food  for  adult  N^. 
vi ridula,  and  poor  performance  occurred  on  green  seeds  of  bagpod 
sesbania,  mature  seeds  of  soybean,  and  pods  of  lanceleaf  crotalaria.  In 
general,  rearing  nymphs  on  green  bean  pods  before  switching  to  the 
different  adult  foods  meliorated  the  negative  effects  that  many  of  these 
foods  had  on  adult  performance  when  they  were  fed  to  both  nymphs  and 
adults.    Food-switching  may  therefore  be  an  important  component  of  the 
nutritional  ecology  of  N^.  vi  ridula. 

Adult  Piezodorus  guildinii  showed  highest  reproductive  parameters 
(i.e.,  greatest  number  of  females  ovipositing,  fastest  time  for  first 
oviposition,  and  greatest  fecundity)  when  fed  pods  of  hairy  indigo  and 
lanceleaf  crotalaria.    Highest  body  weight  was  also  achieved  when  fed 
pods  of  hairy  indigo.    Green  beans,  soybean  pods,  mature  soybean  seeds, 
and  peanuts  were  less  suitable  foods.    These  results,  coupled  with  field 
observations  of  host  plants,  suggest  that  hairy  indigo  and  lanceleaf 
crotalaria  serve  as  important  wild  hosts  in  the  seasonal  phenology  of  P^. 
guildinii .    Although  this  study  indicated  that  soybean  pods  are  a  less 
suitable  food  than  these  two  wild  legume  species,  P^.  guildinii  is  a 
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major  pest  of  soybean  in  Brazil  and  seems  to  be  increasing  in  abundance 
on  soybean  in  Florida. 

Lipid  content  (mg)  and  body  lipid  as  a  percentage  of  dry  body 
weight  peaked  at  day  16  for  adult  N[.  vi  ridula,  whereas  for  P_.  guildinii 
it  peaked  earlier  at  day  four.    In  general,  females  of  both  species 
accumulated  more  lipids  than  males.    Less  lipid  was  gained  by  adult  N^. 
vi  ridula  fed  lanceleaf  crotalaria  than  when  fed  bagpod  sesbania,  hairy 
indigo  or  soybean  pods.    Percentage  lipid  and  amount  of  lipid  of  N_. 
vi  ridula  was  greater  when  fed  soybean  (either  pods  or  immature  seeds) 
than  when  fed  green  bean  pods. 


LITERATURE  CITED 


Al-Munshi,  D.  M.,  D.  R.  Scott,  and  H.  W.  Smith.  1982.  Some  plant  host 
effects  on  Lygus  hesperus  (Hemiptera:  Miridae).  J.  Econ.  Entomol . 
75:  813-815. 

Ananthakri shnan,  T.  N.,  K.  Raman,  and  K.  P.  Sanjayan.  1982. 

Comparative  growth  rate,  fecundity  and  behavioral  diversity  of  the 
dusky  cotton,  bug,  Oxycarenus  hyalinipennis  Costa  (Hemiptera: 
Lygaeidae)  on  certain  malvaceous  host  plants.    Proc.  Indian  Nat. 
Sci .  Acad.  48B:  577-584. 

Appelqvist,  L-A.    1975.    Biochemical  and  structural  aspects  of  storage 
and  membrane  lipids  in  developing  oil  seeds,  pp.  247-286.    hi  ^' 
Gilliard  and  E.  I.  Mercer  (eds.).    Recent  Advances  in  the  Chemistry 
and  Biochemistry  of  Plant  Lipids.    Academic  Press,  London. 

Bell,  E.  A.    1971.    Comparative  biochemistry  of  non-protein  amino  acids, 
pp.  179-206.    In^J.  Harborne,  D.  Boulter  and  B.  L.  Turner  (eds.). 
Chemotaxonomy  of  the  Leguminosae.    Academic  Press,  London. 

Bewley,  J.  D.,  and  M.  Black  (eds.).    1978.    Physiology  and  Biochemistry 
of  Seeds  in  Relation  to  Germination.    Vol.  1.  Springer-Verlag, 
Berlin. 

Biehler,  J.  A.,  and  J.  E.  McPherson.    1982.    Life  history  and  laboratory 
rearing  of  Galgupha  oval  is  (Hemiptera:  Corimelaenidae) ,  with 
descriptions  of  immature  stages.    Ann.  Entomol.  Soc.  Am.  75:  465- 
470. 

Blakley,  N.    1981.    Life  history  significance  of  size-triggered 

metamorphosis  in  milkweed  bugs  (Oncopeltus ) .    Ecology  62:  57-64. 

Cookman,  J.  E.,  M.  J.  Angelo,  F.  Slansky,  Jr.,  and  J.  L.  Nation.  1984. 

Lipid  content  and  fatty  acid  composition  of  larvae  and  adults  of 
the  velvetbean  caterpillar,  Anticarsia  gemmatalis,  as  affected  by 
larval  diet.    J.  Insect  Physiol.  30:  523-527. 

Correa-Ferrei ra,  B.  S.    1984.    Criaqao  massal  do  percevejo  verde,  Nezara 
vi ridula  (L.).    IX  Congr.  Bras.  Entomol.,  Resumos,  p.  71. 

Cuda,  J.  P.,  and  J.  E.  McPherson.    1976.    Life  history  and  laboratory 
rearing  of  Brochymena  arborea  (Hemiptera:  Pentatomidae) .  Ann. 
Entomol .  Soc.  Am.  69:  977-983. 


-  84  - 


-  85  - 


Daugherty,  D.  M.,  M.  H.  Neustadt,  C.  W.  Gehrke,  L.  E.  Cavanah,  L.  F. 
Williams,  and  D.  E.  Green.    1964.    An  evaluation  of  damage  to 
soybeans  by  brown  and  green  stink  bugs.    J.  Econ.  Entomol .  57:  719- 
722. 

Dethier,  V.  G.    1941.    Chemical  factors  determining  the  choice  of  food 
plants  by  Papi 1 io  larvae.    Amer.  Natur.  75:  61-73. 

DeWitt,  J.  R.,  and  E.  J.  Armbrust.    1973.    Polymorphic  size  variation  of 
adult  Nezara  viridula  (Heteroptera :  Pentatomidae) .    Ann.  Entomol. 
Soc.  Am.  66:  555-556. 

DeWitt,  N.  B.,  and  G.  L.  Godfrey.    1972.    The  literature  of  arthropods 
associated  with  soybeans.    II.  A  bibliography  of  the  southern  green 
stink  bug  Nezara  viridula  (Linnaeus).    111.  Nat.  Hist.  Surv.  Biol. 
Notes  78:  1-23. 

Downer,  R.  G.  H.    1978.    Functional  role  of  lipids  in  insects,  p.  57-91. 
2n^  M.  Rockstein  (ed.).    Biochemistry  of  Insects.    Academic  Pres, 
New  York. 

Downer,  R.  G.  H.,  and  J.  R.  Matthews.    1976.    Patterns  of  lipid 

distribution  and  utilization  in  insects.    Amer.  Zool .  16:  733-745. 

Duffus,  C.  M.,  and  J.  C.  Slaughter.    1980.    Seeds  and  Their  Uses. 
Wiley,  Chichester. 

Duncan,  R.  G.,  and  J.  R.  Walker.    1968.    Some  effects  of  the  southern 
green  stinkbug  on  soybeans.    Louisiana  Agr.  12:  10-11. 

Earle,  F.  R.,  and  Q.  Jones.    1962.    Analyses  of  seed  samples  from  113 
plant  families.    Econ.  Bot.  16:  221-250. 

Eggermann,  W.,  and  J.  Bongers.    1971.    Wasser-und  nahrungsaufnahme  an 
pflanzen  unter  besonderer  berucksi chti gung  der  wi rtsspezi f itat  von 
Oncopeltus  fasciatus  Dallas.    Oecologia  6:  303-317. 

Ezueh,  M.  I.,  and  S.  0.  Dina.    1980.    Pest  problems  of  soybean  and 
control  in  Nigeria,  p.  275-283.    ln_F.  T.  Corbin  (ed.).  World 
Soybean  Research  Conference  II:    Proceedings.    Westview  Press, 
Boulder,  Colorado. 

Fehr,  W.  R.,  C.  E.  Caviness,  D.  T.  Burmood,  and  J.  S.  Pennington.  1971. 
Stage  of  development  descriptions  for  soybeans.  Glycine  max  (L.) 
Merrill.    Crop  Sci.  11:  929-931. 

Fraga,  C.  P.,  and  L.  H.  Ochoa.    1972.    Aspectos  morfologicos  y 

bioecoldgicos  de  Piezodorus  guildinii  (West. ) (Hemiptera,  Pent.). 
Idia-Suplemento  28:  103-117. 


Frings,  H.,  M.  Frings,  and  F.  Little.    1957.    Peanuts  as  substitute  food 
for  the  large  milkweed  bug.    J.  Econ.  Entomol.  50:  363-364. 


-  86  - 


Greenblatt,  J.  A.,  W.  H.  Calvert,  and  P.  Barbosa.  1978.  Larval  feeding 
preferences  and  inducibility  in  the  fall  webworm,  Hyphantria  cunea. 
Ann.  Entomol .  Soc.  Am.  71:  605-606. 

Hallman,  G.    1979.    Importancia  de  algunas  relaciones  naturales  plantas- 
artropodos  en  la  agricultura  de  la  zona  calida  del  Tolima  Central. 
Rev.  Colomb.  Entomol.  5:  19-26. 

Harborne,  J.  B.    1971.    Terpenoid  and  other  low  molecular  weight 

substances  of  systematic  interest  in  the  Leguminosae,  pp.  257-284. 
In  J.  Harborne,  D.  Boulter  and  B.  L.  Turner  (eds.).  Chemotaxonomy 
oT"  the  Leguminosae.    Academic  Press,  London. 

Harris,  V.  E.,  and  J.  W.  Todd.    1980a.    Duration  of  the  immature  stages 
of  the  southern  green  stink  bug,  Nezara  viridula  (L.)  with  a 
comparative  review  of  previous  studies.    J.  Ga.  Entomol .  Soc.  15: 
114-124. 

Harris,  V.  E.,  and  J.  W.  Todd.    1980b.    Temporal  and  numerical  patterns 
of  reproductive  behaviour  in  the  southern  green  stink  bug,  Nezara 
viridula  (Hemiptera:  Pentatomidae) .    Ent.  Exp.  Appl .  27:  105-116. 

Harris,  V.  E.,  and  J.  W.  Todd.    1981.    Rearing  the  southern  green  stink 
bug,  Nezara  viridula,  with  relevant  aspects  of  its  biology.  J. 
Georgia  Entomol.  Soc.  16:  203-210. 

Holmes,  E.  A.,  E.  M.  Peterson,  and  C.  A.  Petti.    1979.  Physiological 
characterization  of  the  migratory  milkweed  bug,  Oncopeltus 
fasciatus.    Proc.  Indiana  Acad.  Sci .  88:  223-227. 

Janzen,  D.  H.    1978.    The  ecology  and  evolutionary  biology  of  seed 
chemistry  as  relates  to  seed  predation,  p.  163-206.    ln_  J.  B. 
Harborne  (ed.).    Biochemical  Aspects  of  Plant  and  Animal 
Coevolution.    Academic  Press,  New  York. 

Janzen,  D.  H.  1981.  The  defense  of  legumes  against  herbivores,  pp. 
951-977.  ln_R.  M.  Polhill  and  P.  H.  Raven  (eds.).  Advances  in 
Legume  Systematics.    Part  2.    Royal  Botanic  Gardens,  Kew,  England. 

Jermy,  T.,  F.  E.  Hanson,  and  V.  G.  Dethier.    1968.    Induction  of 

specific  food  preference  in  1 epidopterous  larvae.    Ent.  Exp.  Appl. 
11:  211-230. 

Johnson,  C.  D.    1981.    Interactions  between  bruchid  (Coleoptera)  feeding 
guilds  and  behavioral  patterns  of  pods  of  the  Leguminosae. 
Environ.  Entomol.  10:  249-253. 

Jones,  W.  A.    1979.    The  distribution  and  ecology  of  pentatomid  pests  of 
soybeans  in  South  Carolina.    Ph.D.  dissertation,  Clemson 
University,  South  Carolina.    114  pp. 

Jones,  Q.,  and  F.  R.  Earle.    1966.    Chemical  analyses  of  seeds  II:  Oil 
and  protein  content  of  759  species.    Econ.  Bot.  20:  127-155. 


-  87  - 


Jones,  W.  A.,  Jr.,  and  M.  J.  Sullivan.    1979.    Soybean  resistance  to  the 
southern  green  stink  bug,  Nezara  viridula.    J.  Econ.  Entomol .  72: 
628-632. 

Jones,  W.  A.,  Jr.,  and  M.  J.  Sullivan.    1982.    Role  of  host  plants  in 
population  dynamics  of  stink  bug  pests  of  soybean  in  South 
Carolina.    Environ.  Entomol.  11:  867-875. 

Kadosawa,  T.,  and  H.  Santa.    1981.    Growth  and  reproduction  of  soybean 
pod  bugs  (Heteroptera)  on  seeds  of  legumes.    Bull.  Chugoku  Natl. 
Agric.  Exp.  Sta.  (Series  E.  Environ.  Division)  19:  75-97. 

Kehat,  M.,  and  M.  Wyndham.    1972.    The  influence  of  temperature  on 

development,  longevity,  and  fecundity  in  the  rutherglen  bug,  Nysius 
vinitor  (Hemiptera:  Lygaeidae).    Aust.  J.  Zool .  20:  67-68. 

Kester,  K.  M.,  and  C.  M.  Smith.  1984.  Effects  of  diet  on  growth, 
fecundity  and  duration  of  tethered  flight  of  Nezara  viridula. 
Entomol.  Exp.  Appl .  35:  75-81. 

Kester,  K.  M.,  C.  M.  Smith,  and  F.  Gilman.    1984.    Mechanisms  of 

resistance  in  soybean  [Glycine  max  (L.)  Merrill]  genotype  PI  171444 
to  the  southern  green  stink  bug,  Nezara  viridula  (L).  Environ. 
Entomol.  13:  1208-1215. 

Kinghorn,  A.  D.,  and  S.  J.  Smolenski.    1981.    Alkaloids  of 

Papilionoideae,  pp.  585-598.    j£  R.  M.  Polhill  and  P.  H.  Raven 
(eds.).    Advances  in  Legume  Systematics.    Part  2.    Royal  Botanic 
Gardens,  Kew,  England. 

Kinsella,  J.  E.  1966.  Observations  on  the  changing  lipid  patterns 
during  the  life  cycle  of  Oncopeltus  fasciatus.  Comp.  Biochem. 
Physiol.  17:  1209-1211. 

Kogan,  M.    1972.    Feeding  and  nutrition  of  insects  associated  with 
soybeans.    2.  Soybean  resistance  and  host  preferences  of  the 
Mexican  bean  beetle,  Epilachna  varivestis.    Ann.  Entomol.  Soc.  Am. 
65:  675-683. 

Kogan,  M.,  and  R.  D.  Goeden.    1970.    The  host-plant  range  of  Lema 

trilineata  daturaphila  (Coleoptera:  Chrysomelidae).    Ann.  Entomol. 
Soc.  Am.  63:  1175-1180. 

Krivoruchco,  K.,  H.  Kaba,  M.  E.  Sambucetti ,  and  J.  C.  Sanahuja.  1979. 
Maturation  time  and  some  seed  composition  characters  affecting 
nutritive  value  in  soybean  varieties.    Cereal  Chem.  56:  217-219. 

Langenheim,  J.  H.  1981.  Terpenoids  in  Leguminosae,  pp.  627-656.  2lL  ^' 
M.  Polhill  and  P.  H.  Raven  (eds.).  Advances  in  Legume  Systematics. 
Part  2.    Royal  Botanic  Gardens,  Kew,  England. 

Link,  D.    1979.    Entomofauna  da  lentilha.    I.  Percevejos  Pentatomidae 
(Hemiptera).    Rev.  Centr.  Cien.  Rur.  9:  379-385. 


-  88  - 


Link,  D.,  J.  A.  V.  Panichi,  and  L.  C.  Concatto.    1980.    Oviposiqao  de 
Piezodorus  guildlnii  (Westwood,  1837)  sobre  feijoeiro.    Rev.  Centr. 
Cien.  Rur.  10:  271-276. 

Lookhart,  G.  L.,  P.  L.  Finney,  and  K.  F.  Finney.    1979.    Note  on 

coumesterol  in  soybeans  and  fractions  at  various  germination  times. 
Cereal  Chem.  56:  495-496. 

McPherson,  R.  M.,  and  L.  D.  Newsom.    1984.    Trap  crops  for  control  of 
stink  bugs  in  soybean.    J.  Georgia  Entomol .  Soc.  19:  470-480. 

Mears,  J.  A.,  and  T.  J.  Mabry.    1971.    Alkaloids  in  the  Leguminosae,  pp. 
73-178.  Harborne,  D.  Boulter  and  B.  L.  Turner  (eds.). 

Chemotaxonomy  of  the  Leguminosae.    Academic  Press,  London. 

Menezes,  E.  B.    1981.    Population  dynamics  of  the  stinkbug  (Hemiptera: 
Pentatomidae)  complex  on  soybean  and  comparison  of  two  relative 
methods  of  sampling.    Ph.D.  dissertation,  Univ.  of  Florida, 
Gainesville.    259  pp. 

Miner,  F.  D.    1966.    Biology  and  control  of  stink  bugs  on  soybeans. 
Ark.  Agric.  Exp.  Sta.  Bull.  7098:  1-40. 

Muller,  H.  P.    1983.    The  genetic  control  of  seed  protein  production  in 
legumes,  pp.  309-354.    ln_]fl.  Gottschalk  and  H.  P.  Muller  (eds.). 
Seed  Proteins:    Biochemistry,  Genetics,  Nutritive  Value.    Dr.  W. 
Junk  Publishers,  The  Hague. 

Muraleedharan,  D.,  and  V.  K.  K.  Prabhu.    1978.    Food  intake  and  midgut 
protease  activity  in  the  red  cotton  bug,  Dysdercus  cingulatus  Fabr. 
(Heteroptera:  Pyrrhocoridae) .    Entomon.  3:  11-17. 

Nation,  J.  L.,  and  W.  S.  Bowers.  1982.  Fatty  acid  composition  of 
milkweed  bugs  Qncopeltus  fasciatus  and  the  influence  of  diet. 
Insect  Biochem.  12:  455-4^ 

Newsom,  L.  D.,  and  D.  C.  Herzog.  1977.  Trap  crops  for  control  of 
soybean  pests.    La.  Agric.  20:  14-15. 

Ni jhout,  M.  F.    1979.    Stretch-induced  moulting  in  Qncopeltus  fasciatus. 
J.  Insect    Physiol.  25:  277-281. 

Oatman,  E.  A.    1959.    Host  range  studies  of  the  melon  leaf  miner, 

Liriomyza  pictella  (Thomson) (Pi ptera:  Agromyzidae) .    Ann.  Entomol. 
Soc.  Am.  52:  739-741. 

Oho,  N.,  and  K.  Kiritani.    1960.    Bionomics  and  control  of  the  southern 
green  stink  bug.    Plant  Prot.  14:  237-241. 


Panizzi,  A.  R.    1980.    Uso  de  cultivar  armadilha  no  controle  de 
percevejos  em  soja.    Trigo  e  Soja  47:  11-14. 


-  89  - 

Panizzi,  A.  R.    In  press.    Dynamics  of  phytophagous  pentatomids 

associated  with  soybean  in  Brazil.  lr}_R.  Shibles  (ed.).  World 
Soybean  Research  Conference  III:  Proceedings.  Westview  Press, 
Boulder,  Colorado. 

Panizzi,  A.  R.,  M.  H.  M.  Galileo,  H.  A.  0.  Gastal ,  J.  F.  F.  Toledo,  and 
C.  H.  Wild.    1980.    Dispersal  of  Nezara  viridula  and  Piezodorus 
guildinii  nymphs  in  soybeans.    Environ.  Entomol .  9:  293-297. 

Panizzi,  A.  R.,  and  D.  C.  Herzog.    1984.    Biology  of  Thyanta  perditor 
(Hemiptera:  Pentatomidae) .    Ann.  Entomol.  Soc.  Am.  77:  646-650. 

Panizzi,  A.  R.,  and  F.  Slansky,  Jr.    In  press  a.    Review  of  phytophagous 
pentatomids  (Hemiptera:  Pentatomidae)  associated  with  soybean  in 
the  Americas.    Fla.  Entomol. 

Panizzi,  A.  R.  and  F.  Slansky,  Jr.    In  press  b.    New  host  plant  records 
for  the  stink  bug  Piezodorus  guildinii  in  Florida.    Fla.  Entomol. 

Panizzi,  A.  R.,  and  F.  Slansky,  Jr.    In  press  c.    Legume  host  impact  on 
performance  of  adult  Piezodorus  guildinii  (Westwood) (Hemiptera: 
Pentatomidae).    Environ.  Entomol. 

Panizzi,  A.  R.,  and  F.  Slansky,  Jr.    1985a.  Performance  of  adult  Nezara 

vi ridula  (L. ) (Hemiptera:  Pentatomidae)  on  different  legumes  and 

impact  of  nymph  to  adult  food  switch.  Environ.  Entomol. 
(submitted) . 

Panizzi,  A.  R.,  and  F.  Slansky,  Jr.    1985b.  Impact  of  various  legumes 
on  performance  of  Nezara  viridula  nymphs  (Hemiptera:  Pentatomidae). 
Environ.  Entomol.  (submitted) . 

Panizzi,  A.  R.,  and  J.  G.  Smith.    1977.    Biology  of  Piezodorus 

gui 1 di ni i :    oviposition,  development  time,  adult  sex  ratio  and 
longevity.    Ann.  Entomol.  Soc.  Am.  70:  35-39. 

Panizzi,  A.  R.,  J.  G.  Smith,  L.  A.  G.  Pereira,  and  J.  Yamashita.  1979. 
Efeitos  dos  danos  de  Piezodorus  guildinii  (Westwood  1837)  no 
rendimento  e  qualidade  da  soja.    An.  I.  Semin.  Nac.  Pesq.  Soja,  v. 
II:  59-78. 

Ralph,  C.  P.    1976.    Natural  food  requirements  of  the  large  milkweed 

bug,  Oncopeltus  fasciatus  (Hemiptera:  Lygaeidae)  and  their  relation 
to  gregari ousness  and  host  plant  morphology.    Oecologia  26:  157- 
175. 

Romoser,  W.  S.    1973.    The  Science  of  Entomology.    Macmillan  Publ .  Co., 
New  York. 

Rudiger,  H.    1984.    On  the  physiological  role  of  plant  lectins. 
Bioscience  34:  95-99. 


-  90  - 


Schumann,  F.  W.,  and  J.  W.  Todd.    1982.    Population  dynamic  of  the 

southern  green  stink  bug  (Heteroptera :  Pentatomidae)  in  relation  to 
soybean  phenology.    J.  Econ.  Entomol .  75:  748-753. 

Scriber,  J.  M.,  and  F.  Slansky,  Jr.    1981.    The  nutritional  ecology  of 
immature  insects.    Ann.  Rev.  Entomol.  26:  183-211. 

Singh,  Z.  1972.    Bionomics  of  the  southern  green  stink  bug,  Nezara 
vi ridula  Linn.  (Hemiptera:  Pentatomide)  in  central  India.  Ph.D. 
dissertation.,  Univ.  Illinois,  Urbana-Champaign.  136pp. 

Sites,  R.  W.,  and  J.  E.  McPherson.    1982.    Life  history  and  laboratory 
rearing  of  Sehirus  cinctus  cinctus  (Hemiptera:  Cydnidae),  with 
descriptions  of  immature  stages.    Ann.  Entomol.  Soc.  Am.  75:  210- 
215. 

Slansky,  F.,  Jr.    1980a.    Quantitative  food  utilization  and  reproductive 
allocation  by  adult  milkweed  bugs,  Oncopeltus  fasciatus.  Physiol. 
Entomol.  5:  73-86. 

Slansky,  F.,  Jr.    1980b.    Effect  of  food  limitation  on  food  consumption 
and  reproductive  allocation  by  adult  milkweed  bugs,  Oncopeltus 
fasciatus.    J.  Insect  Physiol.  26:  79-84. 

Slansky,  F.,  Jr.    1982.    Toward  a  nutritional  ecology  of  insects,  pp. 
253-259.    ln_  Proc.  5th  Int.  Symp.  Insect-Plant  Relationships. 
Pudoc,  Wageningen. 

Slansky,  F.,  Jr.,  and  J.  M.  Scriber.  1985.    Food  consumption  and 

utilization,  p.  87-163.    2lL  Kerkut  and  L.  I.  Gilberts  (eds.). 

Comprehensive  Insect  Physiology,  Biochemistry  and  Pharmacology. 
Vol.  4.    Pergamon  Press,  Oxford. 

Soo  Hoo,  C.  F.,  and  G.  Fraenkel .    1966.    The  selection  of  food  plants  in 
a  polyphagous  insect,  Prodenia  eridania  (Cramer).    J.  Insect 
Physiol .  12:  693-709. 

Swaminathan,  M.  S.    1983.    Relevance  of  protein  improvement  in  plant 
breeding,  pp.  1-24.    J_n  W.  Gottschalk  and  H.  P.  Muller  (eds.). 
Seed  Proteins:    Biochemistry,  Genetics,  Nutritive  Value.    Dr.  W. 
Junk  Publishers,  The  Hague. 

Thorstei nson,  A.  J.    1953.    The  chemotactic  responses  that  determine 
host  specificity  in  an  oligophagous  insect  (Plutella  maculipennis 
Curt. ) (Lepidoptera) .    Can.  Zool .  31:  52-72. 

Todd,  J.  W.,  and  D.  C.  Herzog.    1980.    Sampling  phytophagous 

Pentatomidae  on  soybean,  p.  438-478.  j£  M.  Kogan  and  D.  C.  Herzog 
(eds.).  Sampling  Methods  in  Soybean  Entomology.  Springer-Verlag, 
New  York-Heidelberg-Berlin. 

Todd,  J.  W.,  and  S.  G.  Turnipseed.    1974.    Effects  of  southern  green 
stink  bug  damage  on  yield  and  quality  of  soybeans.    J.  Econ. 
Entomol.  67:  421-426. 


-  91  - 


Toms,  G.  C,  and  A.  Western.    1971.    Phytohaemagglutinins,  pp.  367-462. 
jn^  J.  Harborne,  D.  Boulter  an  B.  L.  Turner  (eds.).  Chemotaxonomy 
of  the  Leguminosae.    Academic  Press,  London. 

Tookey,  H.  L.,  and  Q.  Jones.    1965.    New  sources  of  water-soluble  seed 
gums.    Econ.  Bot.  19:  165-174. 

Turnipseed,  S.  G.    1972.    Response  of  soybeans  to  foliage  losses  in 
South  Carolina.    J.  Econ.  Entomol .  65:  224-229. 

Turnipseed,  S.  G.    1977.    Influence  of  trichome  variations  on 

populations  of  small  phytophagous  insects  in  soybean.  Environ. 
Entomol.  6:  815-817. 

Velez,  J.  R.    1974.    Observaciones  sobre  la  biologia  de  la  chinche 
verde,  Nezara  viridula  (L),  en  el  Valle  del  Fuerte,  Sin.  Folia 
Entomol.  Mex.  28:  5-12. 

Vicentini,  R.,  and  H.  A.  Jimenez.    1977.    El  vaneo  de  los  frutos  en 
soya.    INTA,  Ser.  Tec.  n.  47:  1-30. 

Villas  Boas,  G.  L.,  and  A.  R.  Panizzi.  1980.  Biologia  de  Euschistus 
heros  (Fabricius,  1798)  em  soja  [Glycine  max  (L.)  Merri  1 1  J.  KKT 
Soc.  Entomol.  Brasil  9:  105-113. 

Weder,  J.  K.  P.    1981.    Protease  inhibitors  in  the  Leguminosae,  pp.  533- 
560.    ln_R.  M.  Polhill  and  P.  H.  Raven  (eds.).  Advances  in  Legume 
Systematics.    Part  2.    Royal  Botanic  Gardens,  Kew,  England. 

Wilkinson,  J.  D.,  and  D.  M.  Daugherty.    1967.    Biology  of  the 

broadheaded  bug  Alydus  pilosulus  (Hemiptera:  Alydidae).  Ann. 
Entomol.  Soc.  Am.  60:  1018-1021. 

Woodward,  T.  E.  1952.  Studies  on  the  reproductive  cycle  of  three 
species  of  british  Heteroptera,  with  special  reference  to  the 
overwintering  stage.    Trans.  R.  Entomol.  Soc.  Lond.  103:  171-218. 


BIOGRAPHICAL  SKETCH 


Ant6nio  Ricardo  Panizzi  was  born  in  Passo  Fundo,  Rio  Grande  do  Sul 
State,  Brazil,  on  June  14,  1950.    He  received  his  B.  Sc.  degree  in 
agronomy  and  biological  sciences  in  December  1972  from  the  University  of 
Passo  Fundo.    He  enrolled  to  the  Federal  University  of  Parang,  in 
Curitiba,  in  March  1973  and  received  his  M.  Sc.  degree  in  entomology  in 
April  1975.    On  March  1974  he  was  hired  by  the  Brazilian  Enterprise  of 
Agricultural  Research  (EMBRAPA),  and  in  August  1975  he  joined  the 
National  Soybean  Research  Center,  at  Londrina,  Parana.    For  two  years  he 
was  coordinator  of  the  soybean  pest  management  program  of  the  Soybean 
Center,  and  since  1975  he  has  been  involved  with  research  on  pentatomid 
(stink  bug)  pests  of  soybean. 

In  August  1981,  he  enrolled  to  the  graduate  program  of  the 
University  of  Florida,  Department  of  Entomology  and  Nematology,  and 
received  the  degree  of  Doctor  of  Philosophy  in  May  1985. 

On  returning  to  Brazil  he  will  continue  working  at  the  National 
Soybean  Research  Center  of  EMBRAPA  as  a  soybean  entomologist. 


-  92  - 


I  certify  that  I 
conforms  to  acceptable 
adequate,  in  scope  and 
Doctor  of  Phi losophy. 


have  read  this  study  and  that  in  my  opinion  it 
standards  of  scholarly  presentation  and  is  fully 
quality,  as  a  dissertation  for  the  degree  of 

/  A  ■ 

)r.T.  SI  ansky  r^Jr. ,  Citawrman 
Assistant  Professor  of^ntomo 


Dr. 

Assistant 

and  Nematology 


tomology 


I  certify  that  I  have  read  this  study  and  that  in  my  opinion  it 

conforms  to  acceptable  standards  of  scholarly  presentation  and  is  fully 

adequate,  in  scope  and  quality,  asppi  di ssertation^^or  the  degree  of 
Doctor  of  Philosophy. 


Dr.  D.  C.  Her 

Professor  of 


nd  Nematology 


I  certify  that  I  have  read  this  study  and  that  in  my  opinion  it 

conforms  to  acceptable  standards  of  scholarly  presentation  and  is  fully 

adequate,  in  scope  and  quality,  as  a  dissertation  for  the  degree  of 
Doctor  of  Philosophy. 


Dr.  R.  I.  Sailer  ' 
Graduate  Research  Professor  of 
Entomology  and  Nematology 


I  certify  that  I  have  read  this  study  and  that  in  my  opinion  it 

conforms  to  acceptable  standards  of  scholarly  presentation  and  is  fully 

adequate,  in  scope  and  quality,  as  a  dissertation  for  the  degree  of 
Doctor  of  Philosophy.  /' 


Dr.  K.  Hi nson 
Professor  of  Agronomy 


This  dissertation  was  submitted  to  the  Graduate  Faculty  of  the  College  of 
Agriculture  and  to  the  Graduate  School,  and  was  accepted  as  partial 
fulfillment  of  the  requirements  for  the  d>fg|ree  of  Doctor  of  Philosophy. 

May  1985   \Al6/f  3^ 

Dean,  Co//ege  of  Agricult 


w 


Dean,  Graduate  School 


